Manifestations of heterosis in grain sorghum by Kirby, James Steven
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1965
Manifestations of heterosis in grain sorghum
James Steven Kirby
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Agronomy and Crop Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Kirby, James Steven, "Manifestations of heterosis in grain sorghum" (1965). Retrospective Theses and Dissertations. 4089.
https://lib.dr.iastate.edu/rtd/4089
This dissertation has been 
microfilmed exactly as received 66-2964 
KIRBY, James Steven, 1935-
MANIFESTATIONS OF HETEROSIS IN 
GRAIN SORGHUM. 
Iowa State University of Science and Technology 
Ph.D., 1965 
Agriculture, plant culture 
University Microfilms, Inc., Ann Arbor, Michigan 
MANIFESTATIONS OF HETEROSIS IN GRAIN SORGHUM 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Plant Breeding 
James Steven Kirby 
Approved : 
In Charge of Major Work 
Hg%d of Major Department 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1965 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OP LITERATURE 3 
MATERIALS AND METHODS 36 
EXPERIMENTAL RESULTS 42 
DISCUSSION 86 
SUMMARY 100 





The phenomenon of heterosis or hybrid vigor is of much 
interest to plant breeders, from both an academic and a prac­
tical point of view. The utilization of heterosis in various 
crops throughout the world has tremendously increased the pro­
duction of human food and livestock feed. Probably the clas­
sic example of changes that can be brought about through the 
discovery, acceptance and utilization of the phenomenon of 
heterosis is the story of hybrid corn. The demonstration of 
inbreeding depression and the restored or increased vigor ob­
tained upon crossing of the inbred lines is quite vivid in 
the cross-pollinated crop of corn. Inbreeding depression in 
self-pollinated crops is minimal since inbreeding is the nor­
mal method of reproduction. Nevertheless, heterosis is evi­
dent in many hybrids of self-pollinated plants and the primary 
factor limiting commercial utilization of hybrids in these 
species is an economical method of producing the hybrid seed. 
Heterosis has been observed in sorghum for many years, 
but it was only of academic interest until the discovery of 
cytoplasmic-genic male-sterility, which led to the widespread 
commercial utilization of sorghum hybrids. The acceptance and 
near universal use of hybrid sorghums stimulated several in­
vestigations directed toward various aspects of the expression 
of hybrid vigor, but published reports are still lacking for 
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experiments in which a wide array of plant characters has been 
measured on large populations from an extensive series of hy­
brid combinations. A more complete understanding of the 
phenomenon of heterosis is essential to effect continued im­
provement in sorghum breeding programs. The primary objec­
tives of the research reported in this thesis were to measure 
the comparative expressions of heterosis among a series of 
grain sorghum hybrids, and to determine the magnitude of 
heterosis and possible inter-relationships shown for a spec­
trum of seedling and mature plant characters. 
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REVIEW OP LITERATURE 
Increased vigor has been observed in various plant hy­
brids for many years. Some of the earliest recorded observa­
tions were the experiments of the early plant hybridizers in 
the I8th and 19th centuries. In the early 1900's, after the 
rediscovery of Mendel's laws, more intensive investigations 
of the basis for hybrid vigor were initiated. Shull (1914) 
first coined and used the term "heterosis" to replace the 
lengthy expression "stimulus of heterozygosity" and also to 
provide a term which carried no implication as to the genetic 
mechanism involved. Some investigators prefer to use the term 
hybrid vigor in referring to the developed superiority of hy­
brids, and use heterosis only for reference to the mechanism 
by which the superiority is developed. The two terms commonly 
are used interchangeably, as they will be in this thesis. 
There has been considerable discussion relative to whether 
heterosis or hybrid vigor observed for a given character 
should be expressed in relation to the average performance of 
the parents involved or in relation to the better parent. For 
the comparisons presented in this thesis the author will keep 
the reader Informed as to the reference point from which het­
erosis is computed. 
For heterosis to be utilized commercially, there must be 
sufficient increase in yield, quality, uniformity or other at­
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tributes of the plant to offset the costs involved in produc­
ing hybrid seed. Hot water emasculation and genetic male-
sterility have been used in various crops to obtain hybrid 
seed, but, in most cases, these methods have not proved sat­
isfactory for commercial seed production. Cytoplasmic-genic 
male-sterility has provided the plant breeder with, a mechanism 
whereby large amounts of hybrid seed can be produced econom­
ically for many crops, especially for sorghum. In many crops 
pollen fertility restorer genes are not necessary for the 
production of hybrids because a vegetative rather than a seed 
product is desired. Duvick (1959) has reviewed extensively 
the use of cytoplasmic male-sterility in the production of 
hybrid seed of many agronomic and horticultural crops. 
In general, smaller heterotic responses have been ob­
served in self-pollinated species than in cross-pollinated 
crops. Ashton (1946) summarized the evidence of heterosis for 
wheat, oats, barley, sorghum, rice, cotton, tobacco, tomato, 
egg plant and soybeans. It was evident that the occurrence of 
heterosis in .the F^, relative to the mid-parent, was wide­
spread in self-pollinated plants. Every crop showed a heter­
otic response for some character, and in many species the 
performance was superior to the better parent for some char­
acter. The expression of heterosis varied considerably de­
pending upon the specific parents crossed, with greater hy­
brid vigor more often arising from interspecific hybrids than 
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from intervarietal crosses. East (1936), Smith (1944) and 
Whaley. (19^4) presented extensive reviews of the earlier lit­
erature on heterosis. Matzinger (1963) has given an excellent 
discussion of the situations in which hybrids might be used 
to a distinct advantage over pure lines in self-pollinated 
crop species. 
In heterosis studies where one variety is crossed with 
several other varieties, a combining ability value can be 
determined. Sprague and Taturn (19^2) used the term "general 
combining ability" for describing the average performance of 
a line in hybrid combinations. The term "specific combining 
ability" was used to designate those cases in which certain 
combinations did relatively better or worse than was expected 
on the basis of the average performance of the lines Involved. 
Heterosis and combining ability have been studied In 
tomatoes. Hybrids have shown substantial Increases in yield 
over the average of their parents and the parents have shown 
marked differences in combining ability. Larson and Currence 
(1944) proposed that the genes for high yield were at least 
partially dominant and that the cumulative effect of dominant 
high-yielding genes from both parents resulted in productive 
progenies. They found little association between varietal 
performance and hybrid performance. However, Moore and Cur­
rence (1950) found considerable support for using varietal 
performance to predict combining ability. 
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Several studies have been conducted in recent years con­
cerning heterosis and combining ability in tobacco. Matzinger 
et al. (1962) tested eight varieties and all possible F^'s in­
cluding reciprocal crosses at two locations. They found no 
evidence for differential performance when crosses were made 
reciprocally. Five of the ten characters evaluated showed 
significant but small amounts of heterosis. Heterosis for 
yield in the 28 hybrids ranged from -7.^5% to 9.50% from the 
•mid-parent, with, an average of l.l6^. No hybrid was superior 
to the best variety included in the experiment. Six of the 
eight varieties evaluated showed an average yield superiority 
for their F^ hybrids over the mid-parent value, with a trend 
toward increased "percent" heterosis for the lower yielding 
parents. From their analyses, they concluded that an appre­
ciable amount of the variance obtained was due to general 
combining ability, and that there was no measurable variance 
attributable to specific combining ability for any of the ten 
characters. Practically all of the genetic variance measured 
resulted from the additive effects of genes, with essentially 
no dominance or epistatic variance. They suggested that the 
major portion of the variability expressed in the hybrid popu­
lations should be fixable in pure lines, and that the most ef­
fective breeding procedures should be those which would lead 
to the isolation of homozygous lines. They suggested further 
that certain F^ hybrids may have temporary value if they have 
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a majority of the attributes desired by the tobacco Industry 
at a particular time and the combination of those attributes 
Is not available in a pure line. In summary they noted that, 
with Introgresslon of germ plasm from related species to ob­
tain disease resistance or other traits, it may become neces­
sary to re-evaluate these conclusions and to examine new hy­
brid populations of this type to see If genetic variances 
other than additive become of Increased importance. Compara­
ble heterotic responses have been reported and similar con­
clusions drawn from other studies in tobacco (Aycock et al., 
1963; Mann et al., 1962; Matzlnger and Mann, I962). 
Cotton is an often-cross-pollinated crop in which natural 
crossing varies from about to 50^* Several studies of 
heterosis and combining ability have been conducted with cot­
ton. Most of them are relatively recent investigations which 
were stimulated, at least in part, by reported evidence that 
hybrid cotton seed may be produced economically in the near 
future. One of the earliest studies of heterosis in cotton 
was reported by Jones and Loden (1951)• They crossed nine 
commercial varieties with a common pollinator and tested the 
nine hybrids and ten parents. The increase in yield of the 
hybrids over the mid-parent values ranged from I6.9% to 47.0^ 
with an average of 34.6^. The hybrids performed from 0.8# to 
.0% above the better parents, with an average of 29-1^. 
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Jones and Loden emphasized that this represented an average 
increase of approximately 29% over the best varieties avail­
able at that time and not an increase over relatively low 
yielding inbred lines. Their data showed that the increased 
performance of hybrids was less when the higher yielding 
parent varieties were used, and, in fact, the hybrid in­
volving their highest yielding variety yielded only 0.8% more 
than this variety. 
Barnes and Staten (1961) noted that, in general, the 
cotton varieties which exhibited the best combining ability 
also performed rather well themselves. Their results indicat­
ed that the best hybrid combinations could be expected to 
yield about 20% more than the better parents. However, no 
hybrid was as high yielding as one variety in the experiment. 
Specific combining ability was more important than general in 
60 of 91 individual comparisons with 7 parents and 13 char­
acters. The greatest "percent" heterosis was observed for 
boll size and fiber length, and occurred where both, parents 
had small bolls and short.fibers, respectively. 
White and Richmond (1963) noted that two cotton hybrids 
which exceeded their higher yielding parent by about 30% still 
did not exceed the highest yielding check variety in the test. 
Miller and Maranl (1963) tested 8 parental lines of cotton 
and their 28 and P^ hybrids. They found that heterosis 
expressed on a percentage basis was substantially greater in 
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crosses involving low yielding lines (it-0-^5^) than in crosses 
between high yielding parents (20-39#). The P^'s averaged 
27.5^ greater in lint yield than the mid-parent values, but 
even the most productive F^'s were not superior to the best of 
the eight parental lines. Their results showed a good agree­
ment between the ranking of parental lines on the basis of 
the general combining ability measured by the performance of 
their hybrids and a ranking based on parental performance per 
se. They also noted that those characters which evidenced 
the greatest heterosis, likewise showed the most inbreeding 
depression in the F^. 
Miller and Lee (1964) reported on a study where top-cross 
cotton hybrids were compared with their parental varieties. 
Nine hybrids and their parents were evaluated at seven environ­
ments, and an additional thirteen hybrids and their parents 
were grown at four environments. The hybrids usually had 
higher lint yields and larger bolls than the parent varieties. 
Hybrid performance was similar to the mid-parent value for 
lint percentage and the various fiber traits. Certain indi­
vidual hybrids were clearly superior (at least I5 to 20# 
better) in lint yield to the better varieties Included in the 
test. A close relationship was observed between yields of the 
parental varieties per se and the yields of their respective 
hybrids. An analysis of the F^ minus mid-parent values re­
vealed that, although in all cases each hybrid was significant­
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ly higher yielding than the average of its parents, the 
amount of heterosis was not significantly different for dif­
ferent crosses. Thus, the observed differences among hy­
brids appeared to be associated primarily with differences 
in the "base" performance of the parental varieties per se, 
rather than with differences in the amount of heterosis ex­
pressed in different crosses. The correlation between mid-
parent yields and their corresponding hybrid performance 
was high. 
Several studies on hybrid vigor in the various small 
grains have been reported through the years, but in many cases 
the investigators were more concerned with determining which 
parental lines commonly produced the more desirable segregates 
in later generations, rather than with hybrid vigor per se. 
This was because there was no economically feasible way to 
produce large quantities of hybrid seed, and they were inter­
ested only in producing superior pure lines. Coffman and 
Wiebe (1930) reported on the expression of hybrid vigor in 21 
oat hybrid populations in plantings spaced 12 inches perpen­
dicularly. The hybrids averaged nearly 20^ above the parental 
means in grain yield, while 8 of the 21 hybrids exceeded their 
better parent. In general, the hybrids were somewhat taller 
and earlier, and had fewer tillers than the average of the 
parents. They concluded that some oat strains, when used as 
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parents, apparently influenced their hybrid progeny more 
markedly than did others. 
Immer (19^1) presented data obtained from hybrid popu­
lations of barley which showed that only one hybrid of six 
studied yielded significantly more than the better parent. 
However, as a mean of all hybrids, the hybrids exceeded the 
parental average by 8.3^ for number of heads" per plant, 11.1^ 
for number of seeds per head and 4.9# for weight per seed, 
which resulted cumulatively in an increase of 27.3^ for total 
grain yield per plant. The six populations averaged 24# 
above the mid-parent value for yield per plant, which was 
considerably above the expectation. Immer also noted that 
the three higher yielding hybrids came from parents whose 
average yields exceeded considerably the yields of the parents 
of the other three crosses. A similar relationship was ob­
served by Suneson and Riddle (19^4) in an experiment where 
seven pollen parents were crossed with a common female parent. 
Generally, the relative yield of a hybrid was proportional to 
the relative yield of its pollen parent. The seven pollina­
tors showed appreciable differences in combining ability, with 
an average hybrid yield advantage of more than 20% over the 
mean of the parents. These authors observed that maximum 
hybrid yields were obtained from hybrids between adapted 
varieties, but that the largest "percent" increases above the 
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mid-parent value resulted from hybrids of two varieties from 
different ecological habitats. 
Suneson (1962) stated that previous estimates of hetero­
sis in barley were too conservative. He evaluated three 
barley varieties by using diallel hybrid combinations which 
featured high productivity and wide genetic diversity. Grain 
yield was increased from 30^ to ^0% over the best parents. 
More profuse tillering accounted for most of the increased 
yields obtained. 
Briggle (I963) published a comprehensive review of the 
literature on heterosis in wheat. He cited reports by 23 
scientists whose studies, in most cases, were very limited in 
scope and application. In many cases, the studies were re­
lated to heterotic responses of plant height, maturity, till­
ering, seed size, weight of above-ground plant parts, and only 
a few of them to total grain yield. Most of the reports have 
been based on research done with a few individual plants and 
frequently under greenhouse conditions. When research has 
been done in the field, it has been of limited nature, with 
the results usually based on space-planted populations or on 
single drilled rows of plants, with few or no replications. 
Heterosis has been reported ranging from zero to more than 
100^ increase over the mid-parental yield. Borlaug ^  al. 
(1964) contended that these data, with but few exceptions, 
were meaningless as a basis for decisions as to the feasibility 
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of commercial wheat hybrids. They noted that frequently in 
such, studies two unimportant varieties had been crossed and 
the heterotic effects studied. Borlaug and his associates 
proposed that the magnitude of increase in grain yield re­
ported in such cases had no relationship to the possible 
development of acceptable commercial hybrids. They emphasized 
that for heterotic effects to be meaningful they must be 
superimposed upon the yield base of the highest yielding 
commercial variety available in the given region for which 
the hybrid is being developed. 
More recently Briggle et al. (1964-, p. 222) reported on 
the expression of heterosis in two wheat crosses. Again, 
limited seed was available so the seeds were planted in hill-
plots with 1, 2 and 4 seeds per hill. One cross exhibited 
heterosis for grain yield of 2^% above the mid-parent and 20% 
above the better parent. The other cross yielded 8% above 
the mid-parent and 6% above the better parent. Their con­
cluding statement is interesting: "Specific, combinations of 
varieties or lines of wheat can be expected to differ from 
each other in degree of expression of heterosis if, indeed, 
heterosis is expressed at all." 
A more extensive study concerning heterosis and combin­
ing ability in wheat was conducted by Kronstad and Foote 
(1964). They used the diallel cross approach to evaluate the 
hybrids of ten varieties or selections. All of the parents 
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were relatively high yielding and had been selected for ex­
treme values in one or more of the components of yield. Two 
replications of the 45 hybrids and their parents were space-
planted at 12-inch perpendicular intervals, with either five 
or six plants per plot. Plant height, total grain yield and 
four yield__components were measured on an individual plant 
basis and the data were analyzed on a plot mean basis. The 
mean squares for general combining ability for all traits ex­
cept weight per kernel were highly significant. The mean 
squares for specific combining ability were highly significant 
for yield per plant and plant height, but were non-significant 
for the four yield components. These results suggested that a 
large part of the total genetic variability associated with 
the six traits was a result of additive gene action. The au­
thors noted that since only five of the forty-five possible 
hybrids exhibited a significant specific combining ability, it 
appeared that a large number of parental combinations-would 
have to be tested to obtain a desired level of hybrid vigor 
in wheat. Even though the hybrid showed an increase in 
yield over the better parent in certain crosses, it was not 
noted how the best hybrids compared with the best pure line 
varieties available for production in the area. 
Sorghum is largely self-pollinated with the amount of 
natural crossing averaging about 6% (Karper and Conner, 1919; 
Sieglinger, 1921; Poehlman, 1959).' Martin (1936) noted that 
naturally occurring sorghum hybrids appeared to be vigorous 
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and high yielding but that they usually were too tall and 
late to be useful. 
For many years hybrid sorghum seed was obtained by hand 
emasculation, by hot-water emasculation, or by the use of 
genetic male-sterility for use in heterosis studies or to 
obtain segregating populations for breeding programs. 
Stephens et al. (1952) reported on the experimental production 
of hybrid seed using a three-way cross procedure. Their sys­
tem required three s: rains and three isolated crossing blocks 
for the production of each hybrid. One strain segregated for 
fertile and male-sterile plants in a 1:1 ratio, thus for hy­
brid seed production the fertile plants had to be rogued 
prior to pollination. Nevertheless, this system was used to 
a limited extent by commercial seed producers, and several 
hybrids were produced by this means and released for produc­
tion. Two years later Stephens and Holland (195^) reported on 
the discovery of a cytoplasmic-genetic type of male-sterility. 
Their results suggested that the male-sterility which they 
obtained was caused by an Interaction between the cytoplasm 
of milo varieties and nuclear factors from the kafir types. 
This type of male-sterility provided a more satisfactory meth­
od for producing hybrid sorghum seed than did the three-way 
cross system, which was dependent solely on nuclear genes. 
The parent stocks were easier to develop and maintain as the 
rogulng of fertile plants was eliminated, and only two instead 
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of three isolated blocks were required for the production of 
hybrid seed. 
Maunder and Pickett (1959) reported on the genetic in­
heritance of cytoplasmic-genetic male-sterility in grain 
sorghum. Their investigations indicated that the expression 
of cytoplasmic male-sterility was dependent on only a single 
recessive gene, designated as ms^ ms^, interacting with 
sterile cytoplasm. They noted, however, that the hypothesis 
of a single gene was applicable only to the inheritance of 
male-sterility as contrasted with a wide range in levels of 
fertility. They observed considerable variation within the 
fertile classes and concluded that probably these variations 
in fertility also were under genie control. 
Maunder and Pickett's (1959) examination of the anthers 
of male-sterile Combine Kafir 6o plants indicated that mlcro-
sporogenesis was normal and that pollen grains were partially 
formed. The pollen grains seemed to shrivel and abort, how­
ever, before anther dehiscence. The authors suggested that 
some essential substance for development or maintenance of 
the pollen grains apparently was lacking. In semiquantitative 
analyses of the free amino acids in anthers of fertile and 
cytoplasmic male-sterile sorghums. Brooks (i960) found possible 
varietal differences in some of the amino acids, but she said 
the results did not appear to have any obvious relationship to 
sterility as such. 
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Increased plant height frequently accompanies crosses 
between widely different groups or between different varieties 
of grain sorghum. A delay in maturity usually is associated 
with an increase in plant height and often an increase in 
grain yield results. Quinby and Karper (19^5> 1948) pointed 
out that the positive association between late maturity and 
increased stover yields frequently is not similarly expressed 
by lateness of maturity being uniformly associated with a high 
level of grain production, since late-maturing plants often 
exhaust the soil moisture before maturity is reached. Martin 
(1936) noted that the recombination of complementary genes for 
plant height or internode-length in sorghum could account in 
part for the increased height of hybrids, which commonly was 
considered as an expression of hybrid vigor. He also proposed 
that there must be other undefined growth factors that some­
times produce increased yields in hybrids, even for hybrids 
between closely related varieties. Quinby and Martin (195^) 
stated that in sorghum both tallness and lateness are due to 
the complementary action of genes affecting time of floral 
initiation (or duration of growth) and plant height, and that 
expressions for these traits should not be confused with 
heterosis as manifest through greater vigor of growth. They 
observed that heterosis manifested in terms of vigor of growth 
resulted in hybrid plants that were somewhat larger, tillered 
more, and produced more grain and forage than pure line 
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varieties of comparable growth duration. Many experiments 
have confirmed that heterosis is expressed without the pres­
ence of contrasting alleles for maturity or height. Concur­
rently, increases in size as great as 300 to 400 percent 
have been observed in sorghum as a result of the combined 
effects of complementary height and maturity genes and vigor 
of growth. Conner and Karper (192?) measured plant height 
in three hybrid populations obtained by crossing widely con­
trasting sorghum varieties. The F^'s showed an average in­
crease of 66% in height over the tall parents while the Pg's 
showed an increase of ^0^ over the tall parents. 
Quinby and Karper (195^) suggested that four independent­
ly inherited genes, plus a modifying complex, influence 
elongation of the internodes in sorghum. The major dwarfing 
genes were designated dw^, dw^, dw^ and dwi^. One of the 
genes, dw^, is considered unstable and mutates to the domi­
nant Dw^ condition at an appreciable rate, thus causing an 
increase in height of some plants within a homozygous line. 
They proposed further that tallness is partially dominant to 
dwarfness and that shortening of the internodes is the only 
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visible effect of the recessive genes on the plant. Hadley 
(1957) concluded similarly that at least four independent 
genes with unequal effects influenced plant height in sorghum. 
Wing (1961) and Whitehead(1962) concluded that minor factors 
must have accounted for the variations in height which they 
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observed in hybrid populations of sorghum, since all the 
parental varieties used supposedly were homozygous for the 
same three dwarfing genes. 
Quinby and Karper (19^5» 196l) hypothesized that three 
dominant genes, designated Ma^, Ma^ and Ma^, exhibit an in­
hibitory action which blocks some essential reaction leading 
to floral Initiation in sorghum. By crossing certain milo 
strains they obtained eight different genotypic combinations 
of the three independently inherited maturity genes. These 
were categorized into four phenotypic classes; early, inter­
mediate, late and ultra-late maturity. Quinby (196^) pointed" 
out that a continuous variation in plant height from 2 to 15 
feet and a.range in days to flowering of 38 to 100 days exists 
among sorghums grown in the United States. He suggested that 
a multiple allele type of inheritance may be operative at each 
height locus and at each maturity locus. He proposed that the 
continuous variation, observed for both height and maturity, 
is the result of the interaction of dominant and recessive 
alleles at the four height and three maturity loci. 
Several of the first hybrid sorghums to be released ex­
hibited large increases in grain production without the late­
ness and tallness usually associated with high yield. Karper 
and Quinby (1937) believed that the different levels of vigor 
observed among these hybrids were a result of differences in 
the number of dominant genes favorable to growth, possessed by 
20 
them. Practically all of the hybrids in commercial use today 
are constructed in such a way that complementary action of 
height genes and a resultant increase in plant height will 
not occur. It must also be emphasized that, since most hy­
brids mature somewhat earlier than their component parental 
varieties (Arnon and Blum, 1962; Beil, 1963; Kambal, 1962; 
McBride and Zuber, 196O; Quinby, 1963; Quinby ^  al., 1958; 
Whitehead, 1962; Wing, I961) the advantages exhibited by 
hybrids usually can not be the result of a longer growth 
period. 
Several Investigators have studied additional plant 
characters which may relate either directly or indirectly to 
grain yield. A consensus of leaf area studies in sorghum 
Indicates that if moisture or some other factor is not limit­
ing, plants with large leaves usually have a large stalk 
diameter, and are tall, late maturing and high in grain yield. 
Swanson (1941) observed that less leaf area was required to 
produce a bushel of sorghum grain in a dry year than in a wet 
year, but the highest yields were obtained in seasons of 
abundant rainfall. Quinby et al. (1958) determined that leaf 
size in sorghum was a reflection of stalk diameter, and that 
plants with large stalks also had wide leaves while small 
stemmed plants produced narrow leaves. Argikar and Chavan 
(1957) observed heterosis in sorghum hybrids for stalk 
diameter, leaf number, and length and width of leaves in com­
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parison with the larger parent. Qulnby (1963) found that the 
leaves of sorghum hybrids were wider, but not always longer, 
than the mean of the parents. Arnon and Blum (19640 noted 
that, since the RS 6lO hybrid In their study had less leaf 
area and was earlier maturing than Its parents but still pro­
duced a greater yield. It must have a very high efficiency In 
photosynthetlc activity and a more complete transfer of assim­
ilates to grain production. 
Total leaf area of a plant Is dependent upon the number 
of leaves as well as the size of leaves. Slegllnger (1936) 
found that leaf number varied with date of planting, locality, 
season and other environmental factors, as well as with the 
variety of sorghum evaluated. Most varieties had from 15 to 
26 leaves, but Individual plants within some varieties some­
times differed by as much as 5 to 10 leaves from other plants' 
of the same variety. He found that the number of leaves was 
associated closely with other characters such as leaf size, 
stalk diameter, plant vigor and plant height. Number of 
leaves and length of the vegetative period showed a high 
positive correlation. The period from emergence to heading 
averaged 2.8 to 3.5 days per leaf for the different varieties 
studied. 
Slegllnger and Martin (1939) stated that variations In 
number of tillers appeared to account for many of the differ­
22 
ences in yield and adaptation that had been observed in 
sorghum varieties. Earlier, Martin (1928) reported that grain 
yields were more closely correlated with the number of heads 
per acre than with the size of head or weight of grain per 
head. In general, he found that the size of head decreased 
as the number of heads increased. However, an abundance of 
moisture often increased both the size and number of heads, 
while a moisture deficiency caused a decrease for both traits. 
McBride and Zuber (i960) studied the components of yield in 
four and hybrids and their parents in stands of approx­
imately 18,000 and 36,000 plants per acre. For all generations, 
the lower plant density resulted in more seeds per head and 
in greater weight per seed, but total yield was reduced. 
Comparisons of the amount of tillering in the two plant den­
sities were not presented, but one would expect more tillers 
with a lower plant density. Plant density had no effect on 
maturity, but plants from the higher plant density were taller 
than those from the lower density. 
Amon and Blum (1964) compared ES 610 with its parents 
and an adapted variety under two markedly different moisture 
regimes and under four different plant spacings. The hybrid 
maintained its superiority in all environments, but the rela­
tive superiority usually was most evident under irrigation and 
with the wide plant spacings, indicating that the hybrid made 
more efficient use of additional moisture and growing space 
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than, did the varieties. In a very similar study Arnon and 
Blum (1965) found that the hybrid advantage was more marked 
with, early sowing than with late, indicating that the hybrid 
overcame low soil and air temperatures better during germina­
tion and emergence than did the varieties. The hybrid devel­
oped a much greater leaf surface during the seedling stage 
which gave it a considerable initial advantage. 
Anderson and Webster (1959) studied the effect of plant 
density on grain yield. At equal plant populations the 
yield advantage of sorghum hybrids over varieties was attrib­
uted to a combination of more heads per plant and a greater 
number of seeds per head. As plant populations were increased, 
the comparative advantage for the hybrids in number of heads 
narrowed and yield superiority of the hybrids was due mostly 
to a greater number of seeds per head. Usually, the yield 
advantage of the hybrids over the varieties decreased as plant 
populations and total yield increased. 
In a study of 18 hybrids Whitehead (I962) found that hi^ 
yields resulted primarily from the production of a large num­
ber of heads. However, he also noted that the most profuse 
tillering types were not necessarily the highest yielding. 
This relationship was evidenced particularly by several very 
early types which tillered profusely, but had few seeds per 
head and were very low yielding. 
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Niehaus (1964) noted that the three primary components 
of grain yield in sorghum, average weight of seeds, number of 
seeds per head and number of heads per plant, are multiplica­
tive in their effect. An increase in the number of heads per 
plant may result in yield increases, but one should consider 
that excessive tillering usually is thought of as an undesir­
able trait in the corn belt area. Heads produced on tillers 
are later in maturity and often do not become sufficiently 
dry for normal harvest and storage of the grain in the fall. 
With, high plant populations, tillering is not a serious prob­
lem in most adapted types. This leaves two of the primary 
yield components to consider. Arnon and Blum (1962, 1964) 
stated that the most striking and consistent characteristic 
of sorghum hybrids was their potential for producing a large 
number of seeds per head. The number of seeds per head has 
been recognized as a most important component of yield and has 
been cited as being responsible for most of the heterosis ob­
served in many additional studies with sorghum (Anderson and 
Webster, 1959; Argikar and Chavan, 1957» Kambal, 1962; McBride 
and Zuber, 196O; Niehaus, 1964; Quinby, 1963; Whitehead, 1962; 
Wing, 1961). 
Most studies with sorghum report some expression of 
heterosis for the average weight of seed, but this component 
is almost without exception relatively less important than the 
number of seeds per head. It appears that the weight of the 
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seed is the most stable yield component and the last to ex­
hibit heterosis. 
Since the three primary yield components are multiplica­
tive in their effect, the main interest usually is in the 
heterosis observed for total grain yield. Karper and Quinby 
(1937) reported that many of the basic sorghum types such as 
kafirs, feteritas, kaoliangs, broomcorns, milos, etc. dis­
played marked heterosis for plant height and grain yield 
when crossed. They noted that milo x hegari crosses sometimes 
doubled the yield of the parents. Hybrids do not always ex­
ceed the average of their parents in grain yield however. 
In an evaluation of 19 sorghum hybrids, Bartel (19^9) observed 
a range in heterosis for grain yield from -18.4^ to +97.0^ 
from the mid-parent. All of the hybrids were taller than the 
means of their parents. The lines crossed differed genetical­
ly at the primary height and maturity loci which may have ac­
counted for much of the heterosis observed. 
Stephens and Quinby (1952) reported on long-term experi­
ments in which, they compared one sorghum hybrid against 19 
commercially grown varieties. Over a six-year period, the hy­
brid yielded 10^ above the best variety and 27^ more than the 
average of all varieties when plantings were made in April. 
In a June planting, compared with I6 varieties over an eight-
year period, the hybrid yielded 2.Q% more than the best variety 
and k'kfo more than the average of all varieties. 
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Argikar and Chavan (1957) compared heterosis In 11 sor­
ghum hybrids in relation to the performance of their parental 
lines. Observations were recorded on from 3 to 1? individual 
plants of each hybrid. Nine of the 11 hybrids yielded from 
25.89^ to 201.13^ more than the superior parent. One of the 
remaining hybrids yielded 3.34^ above the mid-parent value 
while the other yielded 19.44^ below the mid-parent. 
Quinby et al. (1958) reported on experiments in which 
eight sorghum hybrids produced more grain, were Z.k days 
earlier and 2.5 Inches taller than the average of the parents. 
Another test showed that the hybrids produced 30% more 
grain than the average of the parents and the Fg's produced 
11^ more, thus 63% of the Increased yield of the was lost 
in the F^ generation. Similarly, McBride and Zuber (i960) 
found that four F^ hybrids yielded Q% more than their F^ pop­
ulations and 21^ higher than the parents. 
Wing (1961) studied four sorghum hybrids that had Combine 
Kafir 60 as the common female parent. The hybrids averaged 
19^ above the mid-parent in grain yield, and 10^ more than the 
average of the population. The best hybrid, however, did 
not yield significantly more than the best variety in the test. 
The reduction in yield of the Fg's was almost entirely the re­
sult of a reduction in number of seeds per head. The expected 
yields of the four F^ populations, calculated as the average 
of the mid-parent and the F^, were 9.56, 10.3^» 11.04 and 10.70 
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pounds per plot. The observed yields in the same order were 
9.52, 10.29, 10.98 and 10.67 pounds. Wing concluded that the 
expected and observed yields were very close, Indicating a 
Mendelian segregation of multiple factors acting in an addi­
tive manner with partial to complete dominance. 
Whitehead (I962) crossed nine pollen fertility restoring 
sorghum lines with male-sterile versions of Martin and Com­
bine Kafir 60. The hybrids averaged 2^ and 25% respec­
tively above the mid-parental yields. The populations 
yielded ^Jfo and 90^ respectively of the two groups. White­
head noted that hybrids among low yielding varieties generally 
exhibited a greater percent heterosis when expressed in per­
cent of parental yields than did hybrids among high yielding 
varieties. In two sorghum crosses, with the pollinator parent 
in common, Beil (1963) found exceptional heterosis for yield. 
The and P^ generations of one cross yielded 69^ and 36^ 
respectively above the mid-parent and k3% and above the 
greater parent. The F^ and F^ of the other cross yielded 120# 
and 50^ respectively above the mid-parent and ^1% and 17^ 
above the greater parent. 
Quinby (1963) crossed three different pollinator lines 
(Texas 7078, Texas 09, Texas 04) to a common female parent 
(Combine Kafir Texas 3197)• Evaluation procedures were, 
varied somewhat from those frequently used in that the four 
parents and the three hybrids were planted in a mixed stand. 
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since they could each be identified at maturity. It was evi­
dent that differential tillering among the entries had an ap­
preciable competitive effect on plant development. Therefore, 
data were presented separately from single stalked plants and 
from all plants whether tillered or not. Data from the single 
stalked plants showed the grain yields of the three hybrids 
were 69^, 80^ and 39^ above the means of their parents. When 
tillered stalks were included, the yields were 82^, 106^ and 
^3%, respectively, above the means of their parents. Quinby 
noted that the increases in yield were somewhat greater than 
generally attributed to heterosis in sorghum. He suggested 
.that the differential response of hybrids and varieties to 
inter-plant competition and to the 9-inch spacing between 
plants may have contributed to the large increases obtained. 
Niehaus (1964), in referring to Quinby's study, proposed that 
competitive effects may have influenced the magnitude of values 
obtained, but he did not believe they should change the sign 
of a value. 
Kambal (1962) studied the combining ability of 10 male-
sterile lines and 19 restorer lines of sorghum. The I90 hy­
brids averaged about 20% higher grain yield than the mid-
parents; also, they were 4-.5 inches taller and 2.5 days ear­
lier. Among the hybrids, I72 yielded more grain than the bet­
ter parent, l44 were taller than either parent, and all 190 
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were as early or earlier than either parent. For the other 
12 characters measured most of the hybrids were intermediate 
to their parents. From the combining ability analyses, both 
general combining ability and specific combining ability were 
found to be important, but the general effects were more pro­
nounced and more stable over years. For 10 of the 15 traits 
studied, the male components of variance were greater than the 
female components, which indicated the males were genetically 
more diverse than the females. Kambal noted that this was 
not unexpected since most of the females were kafirs or 
kafir-milo derivatives, whereas the males represented a rela­
tively wider genetic base. He also suggested that for ma­
terials comparable to those used in his study the average 
performance in about four single crosses should be adequate 
to estimate the general combining ability of a parental line. ' 
Niehaus (19640 made a complete diallel crossing of eight 
inbred lines of sorghum. Three of the lines were recent intro­
ductions and were thought to be quite diverse from the other 
five lines. The analyses were made with and without the three 
diverse parents. Striking heterosis for grain yield was ob­
served among the group of hybrids made from the eight lines, 
with the hybrids averaging 79^ above the average of the par­
ents. This increase was attributed largely to a greater number 
of seeds per head. Both general and specific combining ability 
variances were significant, but the general combining ability 
variance was the more important of the two. In the F^ popula­
tions of the eight-parent diallel, the general combining abil­
ity variance for grain yield was significant, but the specific 
combining ability variance was not. Both the general and 
specific combining ability variances were significant for all 
of the components of yield. 
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In the five-parent dlallel crossing group (without the 
three diverse parents) no significant differences for grain 
yield were observed among the hybrids. When the components 
of yield were analyzed, however, significant differences 
among hybrids were obtained. The mean yield of the hy­
brids was 13^ greater than the mean parental yield, but this 
difference was not significant. None of the crosses among 
the five less diverse parents yielded significantly more than 
the most productive of the five parents. The component which 
contributed most to the heterosis for grain yield was number 
of heads per plant, while a "negative heterosis" was expressed 
for number of seeds per head. Niehaus noted that apparently 
there was no complementary gene action operative at the height 
and maturity governing loci, and the correlations of yield 
with plant height and maturity were not significant. The 
striking hybrid vigor obtained in crosses involving the di­
verse parents was thought to be a result of both the comple­
mentary action of height and maturity genes and a high level 
of genetic diversity. Grain yields of the hybrids in bushels 
per acre ranged from 97 to 3^7, while the best parent yielded 
127. The suggestion was made, however, that it may be diffi­
cult to obtain such extremely high yields with agronomically 
acceptable types. All traits measured showed some heterosis 
and those that showed the most heterosis also showed the most 
Inbreeding depression. Niehaus concluded that the variance 
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for general combining ability usually was of greater impor­
tance than the variance for specific combining ability, but 
that the specific effects played a more pronounced role when 
widely diverse parents were included. 
King et al. (1961) evaluated several sorghum lines for 
combining ability. They found that restorer lines with a 
good general combining value tended to produce high yielding 
hybrids regardless of the male-sterile line upon which they 
were crossed. Some instances of specific combining ability 
were noted, particularly when both parents had similar par­
entages. Differences in combining value existed among the 
several combine kafir types used as male-steriles, however, 
these differences were not readily apparent in their hybrids 
when the restorer line was one of high combining value. 
Correlation coefficients calculated between various plant 
character measurements and grain yield, and coefficients 
between mid-parent values for these characters and the hybrid 
values for the same character are of interest to the sorghum 
breeder from the standpoint of predicting the performance of 
hybrids. Ireland (1938) correlated the scores for thirteen 
plant characters with grain yield. The measurements were ob­
tained over an eight-year period, but not all data were taken 
each year. He concluded that predictions of yield in sorghum 
from several of the scores were of doubtful value, especially 
in seasons of subnormal rainfall. Inconsistent results ob­
32 
tained in four of the eight years indicated that both moisture 
and temperature had a pronounced influence on the correlations. 
Wing (1961) found that most of the correlation coefficients 
calculated from the measurements for ten plant characters in 
sorghum were statistically significant, but they were too low 
to be of much predictive value. He found little association 
between yields of the parents and their respective hybrids. 
Kambal (I962) observed that correlations of grain yield with 
other traits generally were too low to-be of predictive value. 
However, high correlations generally were obtained between 
characters of the hybrids and their mid-parent values for the 
same character. Most of these correlations were high enough 
to have predictive value and indicated that the performance of 
a sorghum line per se was a fairly good approximation of its 
average performance in crosses. 
Niehaus (1964) observed, in his eight-parent diallel cross 
populations, which included the three widely diverse parents, 
that the correlation between the mid-parent values for grain 
yield and yield of the hybrids was not significant. In the 
5-parent diallel, with the three diverse parents excluded, 
however, the hybrid yields were highly correlated with the 
mid-parent values for yield. 
Heterosis for certain characters in sorghum has been at­
tributed, in some instances, to the heterozygous condition of 
a single gene. Quinby and Karper (1946) reported that the 
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heterozygote of Ma, a maturity-governing gene, produced plants 
which were larger and tillered more than either genotype 
homozygous for this allele and thus produced an apparent 
heterosis. However, Niehaus (1964) noted in reviewing this 
article that the generation also was segregating for many 
other factors, some of which must have been linked to the ma 
locus, and that it may not be safe to say that all the hybrid 
vigor obtained was produced by the gene constitution at one 
locus. Karper and Quinby (1937) had also commented that sor­
ghum varieties differ in their genetic makeup for many genes 
other than those whose effects are readily visible. Later, 
Quinby and Karper (19^8) studied three pairs of sorghum vari­
eties in which the members of each pair were believed to dif­
fer by only a single maturity gene. Each of the six varieties 
was crossed to a common tester variety, so, in effect, they 
were comparing pairs of hybrids that differed in only one 
allele. In several instances, the plants differed only 
slightly in duration of growth but differed significantly in 
grain production.; for example, even though Kafir x Kalo was 
only one day later in maturity than Kafir x Early Kalo, the 
first produced 37% more grain and S^% more stover than the 
Early Kalo hybrid. They concluded that apparently a differ­
ence in state of one maturity allele had a pronounced in­
fluence on the combining ability for yield of these strains. 
More recent research by Schuler (195^) with corn and by 
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Benzer (1955) with bacteriophage implies that considerable 
caution should be exercised in drawing conclusions concerning 
"single-gene" effects. 
Two main hypotheses have been proposed to explain the 
phenomenon of heterosis. The dominance or the dominance of 
linked genes hypothesis was proposed by Davenport (1908), by 
Bruce (I9IO) and by Keeble and Pellew (1910). This hypothesis 
was based on the correlation between recessiveness and detri­
mental effects and held that hybrids were able to grow better 
than their parents because the factors necessary for maximum 
development that one strain lacked were supplied by the other 
strain, and conversely. 
The alternative hypothesis was based on the supposition 
that there were loci at which the heterozygote was superior 
to either homozygote. This hypothesis was proposed inde­
pendently by Shull and by East in 1908 according to Allard 
(i960) and assumed that there was a physiological stimulus to 
development that increased with the diversity of the uniting 
gametes. This is now called the overdominance hypothesis of 
heterosis. 
Objections have been raised against both hypotheses. 
Discussions concerning the two hypotheses and reviews of the 
literature on the theories of heterosis have been presented 
by several authors in addition to the ones mentioned above 
(Crow, 19^8; Crow, 1952; Jones, 1917; Richey and Sprague, 
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1931; Richey, 19^6; Smith, 1944). To date, most data seem 
to indicate that dominance and partial dominance are rela­
tively more important than overdominance. Sprague (I962) 
concluded that the dominance and. overdominance theories 
are not mutually exclusive and that the answer to the genetic 
mechanism responsible for heterosis is in the relative im­
portance of the various types of gene action involved. 
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MATERIALS AND METHODS 
The four male sterile (A) lines and six pollen fertility 
restoring (R) lines of grain sorghum selected for producing 
the hybrid populations evaluated in this investigation are 
listed below: 
Crosses were made during the 1962 season using each A 
line as the female parent.in combination with each R line, 
giving 24 hybrid combinations. The 2k populations and 
their 10 parental lines comprised the entries for Experiment 
I, and were planted at the Agronomy Farm, Ames, Iowa, on May 
20, 1963. All crosses were re-made during the summer of 1963 
and the 3^ entries were planted again at the Agronomy Farm on 
May 21, 1964. In both seasons, the self fertile but non 
fertility restoring counterparts of the A lines (referred to 
as B lines) were grown as the female parent entry for each hy­
brid in Experiment I in place of the male sterile parental 
lines. 
The entries were planted in single-row plots 15 feet long 
and 4o inches apart, using a randomized block design with six 
replicates. All plots were thinned after emergence to a with-
A lines R lines 
Norghum Reliance 
Martin 
Combine Kafir 60 






in-row spacing of one plant every 6 inches. After thinning, 
twelve competitive plants in each row were staked to facili­
tate the recording of individual plant measurements at a 
later date. Plants at the end of a row and plants next to a 
gap within the row were not used for any of the measurements. 
Data were recorded on twelve plants in each row to give a 
reasonable assurance of having complete" sets of data on ten 
plants in each plot at the end of the season. Some plants 
were lost during the season because of cultivation injury or 
other damage. After all data were recorded, the measurements 
from one or twp plants were discarded at random from each of 
the rows that had eleven or twelve plants remaining, respec­
tively, thus data from ten plants in each plot were used for 
all analyses. 
Measurements taken on an individual plant basis in both 
seasons and the methods of taking them were as follows: 
Vegetative height: Height in centimeters from the crown 
to the tip of the tallest leaf, taken 38 and 39 days after 
planting in I963 and 1964, respectively. 
Vegetative leaf stage: The number of leaves that could 
be counted 39 days after planting in both years. Three classes 
were set up to categorize the variation that existed in the ex­
tension of the newest leaf. If, for example, approximately 
1 1/2 to 2 inches of the tenth leaf could be seen as one 
looked into the whorl, the value recorded was 10.00; if less 
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than this amount could be seen, 9.67 was recorded; and if more 
than this was seen, 10.33 was recorded. 
Leaf length: Length in centimeters of the third leaf 
from the top of the plant. This measurement was taken as 
plants approached maturity, but considerably before frost so 
the leaves were still green. For each plot, leaves were 
stripped from the plants, stacked and secured according to 
order of occurrence within the row, and taken to the labora­
tory for measuring. 
Leaf width: Width in centimeters of the third leaf from 
the top of the plant was obtained from the same leaves used 
for the leaf length determinations. Measurements were made 
at the area of greatest width for each leaf. 
Leaf area; The area in square centimeters of the third 
leaf from the top of the plant; calculated by multiplying 
length times width, then multiplying the product by .75. This 
calculation was reported by Stickler and Pauli (1961) to give 
a close approximation to leaf area in sorghum as determined 
by a planimeter. 
Number of leaves : The total number of leaves on the main 
stalk, excluding the rounded seedling or cotyledonary leaf but 
including the flag leaf. The counting of the leaves was done 
in two stages. The first stage was at the time vegetative 
height and leaf stage were determined. In 1963, the upper-
half of the sixth leaf was clipped off at this time. However, 
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the clipping process appeared to invite an early deterioration 
of the sixth leaf, which made it necessary to clip the ninth 
leaf a few weeks later. In 1964, to avoid premature deteri­
oration of the leaves, white paint from an aerosol can was 
sprayed across the middle of the sixth leaf on the upper sur­
face. The paint did not appear to have any effect on the 
plants and the sixth leaf remained intact until the total 
leaf count could be made. In both seasons, final leaf counts 
were made after the plants had headed, through use of the sixth 
or ninth leaf reference marking. 
Stalk diameter: This value was measured in 32nds of an 
Inch with a calliper at the middle of the first internode a-
bove ground level after plants were mature. 
Mature plant height; Height of the mature plant in inches 
from soil level to the tip of the head. 
Days to mid-bloom: The number of days from planting 
until anthers were extruded half-way down the main head of 
the plant. This measurement serves as a satisfactory index 
for relative length of the growing period among sorghum 
strains, and is much easier to measure critically than is date 
of seed maturity. 
Seeds per plant; This number was determined by dividing 
the grain yield by the weight of 100 seeds and then multiply­
ing by 100. 
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Seeds per head: The number of seeds per plant divided 
by the number of heads per plant. 
Heads per plant: The number of seed bearing heads 
harvested from each individual plant. This measurement was 
taken a few weeks before harvest and re-checked at harvest 
time so that adjustments could be made to include any late 
tillers that had matured grain. 
Weight of 100 seeds: The weight of a representative 
sample of 100 seeds from each plant recorded to the nearest 
centigram. 
Grain yield: Weight in grams of the threshed grain ob­
tained from each plant. All heads were dried artificially 
to a grain moisture content of 8 to 10 percent prior to 
threshing. 
Plot means were used for the calculation of most statis­
tics, with the analyses of variance and correlations computed 
in the Statistical Laboratory of Iowa State University. Plot 
means obtained from the data originally recorded for each 
character were analyzed by use of the regression program. 
In addition, the measurements obtained for each hybrid combi­
nation were transposed to a percent of the respective mid-
parent value and analyzed on a plot mean basis using the 
Aardvark program. Simple phenotypic correlations between the 
hybrid and mid-parent values for each of the l4 variables also 
were calculated from the original plot means. Individual 
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plant measurements were used to calculate the within plot 
variances for each character in each of the two years. This 
information was used to evaluate the effects of sample size 
and number of replicates on the magnitude of the variance of 
a treatment mean. Nine replicates of ten plants each were 
determined to be a satisfactory population for a supplemental 
Pg experiment to be conducted in 1964. The original data and 
calculation procedures are on file in the Agronomy Department. 
A supplemental study (Experiment II) was planted May 21, 
1964, at the Agronomy Farm. Seven hybrids were selected 
on the basis of the 19^3 percentage data to represent the 
range of heterosis observed for grain yield. These seven F^ 
populations, their corresponding F^ populations and the eight 
parental lines involved (or their B line counterpart) were 
planted in a randomized block design with nine replicates. 
Since about 25 percent of the F^ plants were expected to be 
male-sterile, the plot area was surrounded by plantings of a 
mixture of two early, two medium and two late-maturing hybrids 
to supply additional pollen over a long period of time. The 
fourteen traits described previously were measured on an 
individual plant basis and similar statistical analyses were 
made. Parentage of the hybrids involved in this phase of the 
investigation will be listed together with the data presented 




The 1963 and 1964 seasons differed appreciably in the 
distribution of rainfall and in certain temperature relation­
ships. The impact of these differences on the measurements 
recorded for certain characters will be considered in some 
detail in the Discussion section. However, both seasons 
provided environmental conditions which were suitable for good 
growth and differentiation of the sorghum plant and reasonably 
high grain yields were obtained. In presenting the results, 
emphasis will be placed on the magnitude of heterosis mani­
fested for the various characters measured, with heterosis 
being expressed as a percentage of the mid-parent value in 
each instance. 
Tables 1 through l4 give the mean heterosis values for 
each hybrid for each of the l4 characters measured for the 
years individually and combined. Also given in each table 
are the means of the hybrids by parents. These values portray 
the average performance for all hybrids involving a particular 
parent and can be considered as an indicator of general 
combining ability for that parent for percent heterosis of 
the trait listed. Reference to Table 1 shows that the 24 
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Table 1. Mean percentage values for vegetative height of 
each hybrid, in terms of its mid-parent value, 
1963, 1964 and 1963-64 
Male parents Means 
Female Nor- Texas Texas Redblne Plains- Cap- of 
























115.2 109.3 114.5 116.5 111.2 107.2 112.3 
117.5 102.0 100.7 103.5 102.7 103.0 104.9 
114.0 107.8 104.8 105.7 100.2 110.2 107.1 
113.7 96.5 102.3 98.2 104.8 111.3 104.5 
115.1 103.9 105.6 106.0 104.7 107.9 107.2 
individual hybrids, 12.9; hybrids by females 5-3; 





108.3 112.2 104.0 113.2 
97.3 104.3 104.5 112.5 
108.8 102.8 101.8 113.2 





109.2 119.1 111.7 103.9 106.4 103.1 111.1 
individual hybrids, 10.0; hybrids by females, NS; 





























117.1 107.8 104.7 106.2 103.9 109.5 108.2 
Individual hybrids, 8.2; hybrids by females, 3.9; 
hybrids by males, 6 . 7  
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hybrids averaged 108.2^ of the raid-parent value over the two-
year period for the character vegetative height. Only a 
slight heterotic response of 2.4^ was observed for vegetative 
leaf stage (Table 2). Mean heterosis values for the length, 
width and area of the third leaf from the top of the plant 
are listed in Tables 3, 4 and 5» For the years combined, the 
hybrids had k.3% longer and S>7% wider leaves than their 
respective parents, resulting in an average increase in leaf 
area of 10%. There was a greater difference between the two 
seasons in the expression of heterosis for leaf area than for 
the previous .traits discussed,. Much of this difference re­
sulted from the differential response of the Reliance hybrids 
in the two years for leaf length and width. The differences 
in length and width accumulated to give a greater difference 
in leaf area. 
Essentially no heterosis was observed for the total num­
ber of leaves on the main culm. Table 6 shows that the hy­
brids averaged only 99.6# of the mid-parent value in 19^3 and 
100.5^ in 1964 for an average of 100.1^. Mean percentage 
values presented in Table 7 indicate that the hybrids had 
stalks about 3% larger in diameter than the mid-parent average. 
All of the hybrids were taller than their mid-parent means, 
with an average increase of 13.6# (Table 8). The percentage 
values given for days to mid-bloom in Table 9 show that the 
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Table 2. Mean percentage values for vegetative leaf stage of 
each hybrid In terms of Its mid-parent value, 




Nor- Texas Texas Redblne Plains- Cap-





















108.5 105.2 104.7 106.2 
104.5 100.2 101.5 101.7 
105.0 100.5 100.2 98.8 
102.7 98.5 99.2 98.7 
104.0 102.5 105.2 
101.5 100.8 101.7 
99.2 101.3 100.8 
101.3 105.2 100.9 
105.2 101.1 101.4 101.3 101.5 102.5 102.2 
Individual hybrids, 5.5; hybrids by females, 2.2; 







102.7 105.0 104.2 104.2 
108.7 99.5 99.3 100.2 
107.0 106.7 103.8 101.0 
104.0 104.7 98.7 103.5 
101.3 102.7 103.3 
100.0 104.3 102.0 
97.5 104.8 103.5 
100.0 101.0 102.0 
105.6 104.0 101.5 102.2 99.7 103.2 102.7 
individual hybrids, 4.7; hybrids by females NS; 

































105.4 102.5 101.4 101.8 100.6 102.8 102.4 
individual hybrids, 4.7; hybrids by females, NS; 
hybrids by males, NS 
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Table 3. Mean percentage values for leaf length of each 
hybrid in terms of its mid-parent value, I963, 
1964 and 1963-64 



































106.3 111.0 120.8 112.8 
114.2 102.3 99.5 103.0 
114.5 107.3 103.8 106.5 
119.0 101.0 101.0 103.2 
117.5 113.8 
96.2 97.5 






106.4 113.5 105.4 106.3 106.4 102.9 103.8 
individual hybrids, 5.8; hybrids by females, 2.4; 
hybrids by males, 2.9 
105.0 106.2 101.0 108.3 100.8 95-5 
112.2 104.3 100.8 101.8 98.7 97.7 
112.2 103.3 98.3 100.7 97.8 98.2 





102.2 110.2 103.8 100.2 103.3 98.9 97.2 
individual hybrids, 4.0; hybrids by females, NS; 





























111.8 104.6 103.2 104.8 100.9 100.5 104.3 
individual hybrids, 9-0; hybrids by females, NS; 
hybrids by males, 3.5 
4? 
Table k-. Mean percentage values for leaf width of each 
hybrid in terms of its mid-parent value, 1963» 
1964 and 1963-6^ 
Male parents Means 
Female Nor- Texas Texas Eedbine Plains- Cap- of 


















































118.3 110.3 106.3 108.6 103.0 106.8 108.9 
individual hybrids, 7.8; hybrids by females, 3.2; 



































110.1 107.1 102.1 102.8 98.8 94.8 102.6 
individual hybrids, 7.5; hybrids by females, 3.1; 





























114.2 108.7 104.2 105.7 100.9 100.8 105.7 
individual hybrids, 11.4; hybrids by females, NS; 
hybrids by males, 6.0 
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Table 5* Mean percentage values for leaf area of each 
hybrid in terms of its mid-parent value, 1963, 
1964 and 1963-64 
Male parents ; Means 
Female Nor- Texas Texas Redbine Plains- Cap- of 




























117.9 124.3 145.8 130.0 
132.0 110.5 100.0 108.7 
137.0 122.5 110.5 117.0 
142.5 105.7 96.5 104.3 
133.2 127.5 129.8 
91.5 95.2 106.3 
99.0 100.8 114.5 
98.7 112.2 110.0 
132.3 115.8 113.2 115.0 105.6 108.9 115.1 
individual hybrids, 13.2; hybrids by females, 5.^5 

















104.9 121.7 110.8 102.0 105.8 97.5 91.9 
individual hybrids, 10.4; hybrids by females, 4.3; 

























110.0 127.0 113.3 107.6 110.4 101.5 100.4 
individual hybrids, 19.6; hybrids by females, NS; 
hybrids by males, 7.3 
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Table 6. Mean percentage values for number of leaves of each 
hybrid in terms of its .mid-parent value, 1963, 
1964 and 1963-64 
Male parents 
Female Nor- Texas Texas Redbine Plains- Cap-


























































99.6 98.2 98.7 98.7 97.5 104.2 100.3 
individual hybrids, 4.0; hybrids by females, 1.6; 





























100.5 98.8 99.9 101.7 99.7 101.9 101.3 
individual hybrids, 3.3; hybrids by females, 1.3; 





























100.1 98.5 99.3 100.2 98.6 103.1 100.8 
individual hybrids, 5-2; hybrids by females, 3.3; 
hybrids by males, NS 
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Table ?. Mean percentage values for stalk diameter of each 
hybrid in terms of its mid-parent value, I963, 
1964 and 1963-64 
Male parents Means 
Female Nor- Texas Texas Redbine Plains- Cap- of 






106.8 104.8 106.2 104.0 
98.7 103.5 100.0 103.7 
100.8 100.8 101.0 100.8 
98.8 107.8 104.3 103.0 
110.7 111.3 107.3 
104.5 103.0 102.2 
102.2 102.0 101.3 










101.3 104.3 102.9 102.9 105.2 104.2 103.5 
individual hybrids, 5.I; hybrids by females, 2.1; 
hybrids by males, 2.6 
98.3 104.3 102.0 103.0 
99.7 105.3 100.8 101.5 
104.0 105.7 101.0 102.2 
100.3 105.7 101.5 102.2 
99.8 106.5 102.3 
101.7 102.5 101.9 
103.0 107.2 103.8 










100.6 105.3 101.3 102.2 101.8 103.8 102.5 
individual hybrids, NS; hybrids by females, NS; 

































100.9 104.8 102.1 102.5 103.5 104.0 103.0 
individual hybrids, NS; hybrids by females, NS; 
hybrids by males, NS 
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Table 8. Mean percentage values for mature plant height of 
each hybrid In terms of Its mid-parent value, 




Nor- Texas Texas Redbine Plains- Cap-


















113.2 129.2 127.2 118.7 126.7 127.2 123.7 
133.7 107.5 102.0 102.2 102.7 107.2 109.2 
129.2 110.5 108.0 101.5 101.3 102.2 108.8 
133.5 107.8 111.3 104.7 102.8 104.8 110.8 
127.4 113.8 112.1 106.8 108.4 110.3 113.1 
individual hybrids, 5.3; hybrids by females, 2.2; 
hybrids by males, 2.7 
110.2 126.2 125.3 121.3 131.7 137.0 125.3 
125.2 104.3 101.5 102.2 107.8 108.2 108.2 
130.7 110.0 107.8 99.8 103.0 103.2 109.1 









127.3 112.9 110.3 107.2 112.8 114.0 114.1 
individual hybrids, 5*1; hybrids by females, 2.1; 

































127.3 113.3 111.2 107.0 110.6 112.2 113.6 
individual hybrids, 6.2; hybrids by females, 3.8; 
hybrids by males, 4.6 
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Table 9. Mean percentage values for days to mid-bloom of 
each hybrid in terms of its mid-parent value. 




Nor- Texas Texas Redbine Plains- Cap-































98.5 98.3 98.5 97.7 
96.2 98.8 100.2 98.8 
94.0 96.2 97.3 97.0 









98.5 96.3 98.6 99.2 98.3 100.5 98.0 
individual hybrids, 2.6; hybrids by females, 1.1; 






96.8 98.8 97.2 99.7 97.3 
98.2 102.5 98.0 100.2 97.7 
94.0 96.2 97.5 96.7 93.2 





97.6 97.2 99.6 98.2 99.2 96.5 
individual hybrids, 2.0; hybrids by females, 0.8; 
hybrids by males, 1.0 
97.8 97.6 98.7 97.4 101.2 99.6 
96.0 98.5 101.3 98.4 100.3 98.0 
93.4 95.1 96.7 97.3 98.0 94.7 
95.7 100.4 100.7 99.9 99.9 96.7 
98.7 
98 .8  
95.9 
98.9 
98.1 95.7 97.9 99.4 98.2 99.9 97.3 
Individual hybrids, 2.4; hybrids by females, NS; 
hybrids by males, 1. 5  
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hybrids were slightly earlier blooming than the mid-parent 
comparison. 
A substantial heterotic response was observed for the 
number of seeds per plant in each year, giving a two-year 
average increase of l6.1% for the hybrids over the parental 
average (Table 10). A slightly lower response for the hy­
brids is shown in Table 11 where the number of seeds is ex­
pressed on a per head, rather than per plant, basis. The 
hybrids averaged 1% more heads per plant than the mid-parent 
value according to the data given in Table 12. Table 13 
indicates that in 1963 the average seed size of the hybrids 
was nearly the same as the mid-parent value, but in 196^ the 
hybrids averaged 1.3% larger seed, giving a heterosis value 
of 4.4^ for seed size over the two years. The greatest het­
erotic response of hybrids over the mid-parent performance 
was for grain yield where the hybrids averaged 23.2^ above 
the mid-parent value in 1963 and 20.?^ above in 1964, for an 
average increase of 22.0% (Table l4). For the two years com­
bined, the hybrids ranged from 5-^% to 4?.4^ above the mid-
parent mean for grain yield. A considerable range among the 
hybrids also can be observed for the heterosis values pre­
sented for each of the other 13 characters, but special at­
tention is directed to the grain yield data, as the cumulative 
effects for all characters are manifest and attain greatest 
economic significance with this character. 
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Table 10. Mean percentage values for seeds per plant of each 
hybrid in terms of its mid-parent value, 1963, 
1964 and 1963-64 
Male parents Means 
Female Nor- Texas Texas Redbine Plains- Cap- of 
parents ghum 7078 04 60 man rock hybrids 
f 
1963 
Reliance 120.0 120.8 142.0 137-8 123.8 135-7 130.0 
Martin 110.2 108.7 IO8.7 112.8 109-8 120.5 117-8 
Kafir 60 109-8 125.2 118.3 124.0 108.2 131.0 119.4 
Wheatland 130.2 117-8 121.3 118.5 II5.8 122.3 121.0 
Means of 
hybrids 117-5 118.1 122.6 123.3 114.4 127.4 120.6 
LSD individual hybrids, NS; hybrids by females, 11.1; 
.05 hybrids by males, NS 
1964 
Reliance 108.2 122.5 120.3 112.5 114.8 109-5 114.6 
Martin 102.7 125-7 IO6.8 99-8 119-2 103-2 109-6 
Kafir 60 IO7.2 123-7 114.8 II5.2 102.5 100.3 110.6 
Wheatland 109-0 128.2 96.5 119-2 II5.O 100.5 111.4 
Means of 
hybrids IO6.8 125.0 109-6 111.7 112.9 103-4 111.5 
LSD individual hybrids, 17-9; hybrids by females, NS; 
' ^ hybrids by males, 9-0 
1963-64 
Reliance 114.1 121.7 131-2 125-2 119-3 122.6 122.3 
Martin 106.4 117-2 107-7 IO6.3 114.5 111-8 110.7 
Kafir 60 108.5 124.4 II6.6 119-6 105-3 115-7 115-0 
Wheatland 119-6 123-0 108.9 118.8 115.4 111.4 116.2 
Means of 
hybrids 112.1 121.6 II6.I 117-5 113-6 115-4 II6.I 
LSD individual hybrids, NS; hybrids by females, NS; 
hybrids by males, NS 
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Table 11. Mean percentage values for seeds per head of each 
hybrid in terms of its mid-parent value, 1963, 




Nor- Texas Texas Eedbine Plains- Cap-





Reliance 97.3 l4l.3 130.2 120.5 145-5 137-5 128.7 
Martin 81.7 111.7 93.8 110.5 101.0 101.5 100.0 
Kafir 60 101.8 ,118.0 109-2 109-5 110.3 111-7 110.1 
Wheatland II6-O 120-7 103-7 114-0 111-0 IO6.5 112.0 
Means of 
hybrids 99-2 122.9 109-2 113-6 117-0 114-3 112-7 
LSD individual hybrids, l4.0; hybrids by females, 5-7; 
^ hybrids by males, 7-0 
1964 
Reliance 88.2 126.0 111.5 108.2 99-2 89-2 103-7 
Martin 107-0 116.2 IO6.7 108.3 100.2 100-5 107-8 
Kafir 60 116.2 117-2 100.3 109.8 100.7 101-8 107-7 
Wheatland 117-2 107-3 107-8 113-5 114-0 101-0 110.1 
Means of 
hybrids I07.I 116-7 IO6-6 110-0 105-5 98.1 107-3 
LSD individual hybrids, 12-7; hybrids by females, NS; 
* ^ hybrids by males, 6-4 
1963-64 
Reliance 92-7 133-7 120.8 114-3 122-3 113-3 116-2 
Martin 94-3 113-9 100-2 109-4 104.6 101.0 103-9 
Kafir 60 109.0 117-6 104-7 109-7 105-5 106-7 108-9 
Wheatland II6-6 114-0 105-7 113-8 112-5 103.8 111.1 
Means of 
hybrids 103-2 119-8 107-9 111-8 111.2 106-2 110.0 
LSD individual hybrids, NS; hybrids by females, NS; 
• ^ hybrids by males, NS 
56 
Table 12. Mean percentage values for heads per plant of each 
hybrid in terms of its mid-parent value, 1963, 
1964 and 1963-64 
Male parents Means 
Female Nor- Texas Texas Redbine Plains- Cap- of 
parents ghum 7078 Ok 60 man rock hybrids 
1963 
Reliance 119.2 90.2 112.0 119-2 92.7 102.8 IO6.O 
Martin 117.3 95-2 120.5 104.7 IO6.5 122.7 111.1 
Kafir 60 99-7 106.2 110.0 II5.8 99.0 118.0 108.1 
Wheatland IO5.8 100.0 121.0 104.3 108.7 118.0 109.6 
Means of 
hybrids 110.5 97.9 115-9 111.0 101.7 115.4 108.7 
LSD individual hybrids, NS; hybrids by females, NS; 
* ^ hybrids by.males, 13.5 
1964 
Reliance I27.5 97.8 IO8.7 IO6.5 118.0 119.2 112.9 
Martin 92.7 108.7 100.5 92.3 112.0 103-2 101.6 
Kafir 60 91.0 IO6.O II6.8 IO5.5 IO5.8 98.2 103-9 
Wheatland 92.3 120.3 88.8 106.3 108.7 100.2 102.8 
Means of 
hybrids 100.9 108.2 103-7 102.7 111.1 105-2 105-3 
LSD individual hybrids, 18.8; hybrids by females, 7-7; 
• ^ hybrids by males, NS 
1963-64 
Reliance 123.3 94.0 110.3 112.8 105.3 111.0 109.5 
Martin I05.0 101.9 110.5 98.5 109.3 112.9 IO6.3 
Kafir 60 95-3 I06.I 113-4 110.7 102.4 108.1 IO6.O 
Wheatland 99.1 110.2 104.9 105-3 108.7 109.1 106.2 
Means of 
hybrids IO5.7 103-0 109-6 IO6.8 106.4 110.3 107.0 
LSD _ individual hybrids, NS; hybrids by females, NS; 
' ^  hybrids by males, NS 
57 
Table 13- Mean percentage values for 100 seed weight of each 
hybrid in terms of its mid-parent value, 1963, 




Nor- Texas Texas Eedbine Plains- Cap-







Kafir 60 111.0 
Wheatland 111.8 
111.0 98.2 107.0 
97.0 101.0 101.0 
97.3 96.5 99.3 
88.0 91.3 94.2 
111.5 114.0 108.9 
97.5 96.8 101.6 
100.7 98.5 100.6 





112.8 98.3 96.8 100.4 98.0 99.7 101.0 
individual hybrids, 6.4; hybrids by females, 2.6; 




Kafir. 60 111.0 
Wheatland 113.5 
117.8 113.7 111.8 
100.3 97.7 104.8 
104.5 104.5 104.0 
97.8 106.5 102.7 
117.8 130.0 116.2 
96.7 108.0 102.8 
109.5 119.0 108.7 







Kafir 60 111.0 
Wheatland 112.7 
110.0 105.1 105.6 105.8 105.1 115.7 107.9 
individual hybrids, 7.1; hybrids by females, 2.9; 
hybrids by males, 3.5 
114.4 105.9 109.4 
98.7 99.3 102.9 
100.9 100.5 101.7 
92.9 93.9 98.4 
114.7 122.0 112.6 
97.1 102.4 102.2 
105.1 108.8 104.7 
89.2 97.6 98.3 
Means of 
hybrids 111.4 101.7 101.2 103.1 101.5 107.7 104.4 
LSD , individual hybrids, 10.6; hybrids by females, NS; 
' ^ hybrids by males, NS 
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Table 14. Mean percentage values for grain yield of each 
hybrid in terms of its mid-parent value, 1963, 




Nor- Texas Texas Redbine Plains- Cap-







Kafir 60 121.5 
Wheatland 145.8 
136.5 138.7 145.5 
108.8 109.0 114.7 
126.3 114.7 123.5 
108.2 112.2 113.0 
139.5 151.8 141.1 
110.0 120.2 115.2 
111.0 130.8 121.3 
99.7 112.5 115.2 
Means of 
hybrids 132.7 120.0 118.6 124.2 115.0 128.8 123.2 
individual hybrids, 28.3; hybrids by females, 11.5; 




Kafir 60 119.5 
Wheatland 124.5 
145.0 135.5 125.0 137.7 143.0 134.1 
125.3 103.8 104.5 116.0 113.7 112.8 
129.5 117.8 120.2 113.2 120.2 120.1 








119.0 131.6 114.7 117.9 119.7 121.3 120.7 
individual hybrids, 19.5; hybrids by females, 8.0; 





140.8 137.1 135.3 
117.1 106.4 109.6 
127.9 116.2 121.8 
117.3 106.9 117.5 
138.6 147.4 137.6 
113.0 116.9 114.0 
112.1 125.5 120.7 
105.8 110.4 115.5 
Means of 
hybrids 125.9 125.8 116.7 121.0 117.4 125.1 122.0 
individual hybrids, 15.9; hybrids by females, 7.3; 
hybrids by males, NS 
A summary view of the number of hybrids with means above 
and below their respective mid-parent values, and in relation 
to their high and low parental means, is presented for each of 
the characters in Table 15. The two right-hand columns show 
a distinct advantage for the hybrids for all characters ex­
cept for the number of leaves per plant. It will be noted 
that the hybrid advantage for days to mid-bloom is in the 
direction of reaching mid-bloom at an earlier date than the 
average of the parents. For 100 seed weight, days to mid-
bloom and the three leaf measurements, the advantage for the 
hybrids is somewhat less pronounced than for the other char­
acters. The three columns on the left illustrate the hybrid 
performance in relation to the high and low parental values. 
Again it is clear that the hybrids show no advantage for number 
of leaves and that the hybrids reach mid-bloom earlier than 
their parents. For several of the characters, the number of 
hybrids above the greater parent and intermediate to the par­
ents is about equally divided. The hybrid advantage is most 
evident for vegetative height and leaf stage, mature plant 
height, seeds per plant and especially, for grain yield where 
only one hybrid was lower yielding than its greater parent. 
The mean squares from the analyses of variance of the 
percent heterosis data for each of the 14 characters are pre­
sented in Table l6. Years were considered a random variable 
Table 15. Number of hybrids with mean values within and outside the range of 
their parental values for 1^ characters of grain sorghum, 1963-6^ 
Character 




















Vegetative height 0 7 17 1 23 
Vegetative leaf stage 1 6 17 4 20 
Leaf length 0 13 11 5 19 
Leaf width. 1 10 1 13 5 19 
Leaf area 1 11 12 6 18 
Number of leaves 6 16 2 11 13 
Stalk diameter 0 19 5 3 21 
Mature plant height 0 8 16 0 24 
Days to mid-bloom 9 15 0 19 5 
Seeds per plant 0 7 17 0 24 
Seeds per head 1 12 11 2 22 
Heads per plant 1 13 10 4 20 
100 seed weight 1 14- 9 8 16 
Grain yield 0 1 23 0 24 
6l 
Table l6. Mean squares from the analyses of variance for F]_ 
experiment where P]_ observations were recorded as 
a percent of the mid-parent value, 1963, 1964 and 
1963-64 
Degrees Vegetative 
Source of of Leaf Leaf 
variation freedom Height stage length 
1963 
Replicates 5 726 .26 74 .81 126 .77 . 
Hybrids 23 221 .31* 43 .68* 326 .09** 
General females 3 466 .28* 150 .75** 921 .97** 
General males 5 402 .26* 57 .71* 337 .92** 
Speclflcfxm 15 112 .01 17 .59 202 .98** 
Pooled error 115 128 .10 22 .72 25 •47 
(Coeff. of variation, % )  (10 .56) (4 .67) (4 .74) 
1964 
Replicates 5 226 .76 29 .46 27 .99 
Hybrids 23 268 .05** 48 .95** 137 .55** 
General females 3 180 .03 24 .20 10 .12 
General males 5 868 .72** 99 .78** 514 .36** 
15 85 .43 36 .96* 37 .43** 
Pooled error 115 77 .34 16 .85 12 .37 
(Coeff. of variation, % )  (8 .05) (4 .00) (3 .44) 
1963-64 . 
Years 1 294 .03 21 .13 1,233 .38** 
Reps, w/in years 10 476 .51 52 .14 77 .38 
Hybrids 23 395 .67** 61 .93* 349 
General females 3 593 .51* 112 .80 514 ^76 
General males 5 1,107 .56* 130 .53 809 .03** 
15 118 .80 28 .88 163 .18 
Hybrids x years 23 93 .70 30 .71 114 .20** 
General^ x years 3 52 .79 62 .15* 417 .32** 
General^ x years 
Specific^^^ X years 
5 163 .42 26 .96 43 .25* 
15 78 . 64 25 . 66 77 .23** 
Pooled error 230 102 .72 19 .78 18 .92 
(Coeff. of variation. % )  (9 .37) (4, .34) (4, .17) 
value exceeds the 5% level of probability. 
value exceeds the 1% level of probability. 
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Replicates 5 l4l .04 598.97 88.39 
Hybrids 23 418 .10** 1,531.84** 119.23** 
General females 3 968 .35** 3,833.56** 420.27** 
General males 5 660 .81** 2,063.01** 142.89** 
Speolflofxm 15 227 . 14** 894.44** 51.14** 
Pooled error 115 46 .41 132.17 12.20 
(Coeff. of variation, % )  (6 .26) (9.99) (3.51) 
1964 
Replicates 5 104 .35 227.53 14.09 
Hybrids 23 254 .39** 747.92** 58.14** 
General females 3 367 .28** 370.40** 197.95** 
General males 5 730 .36** 2,635.30** 38.81** 
Specificfxm 15 73 .15 194.31** 36.63** 
Pooled error 115 43 .57 83.03 8.11 
(Coeff. of variation, % )  (6 .43) (8.68) (2.83) 
1963-64 
Years 1 2,843 .83** 7,482.73** 63.28 
Reps. w/in years 10 122 .69 413.25 51.24 
Hybrids 23 489 .77* 1,743.04** 139.70** 
General females 3 8O7 .31 2,350.67 579.72* 
General males 5 1,261 .84* 4,504.25** 142.76 
Speolfloj.^^ • 15 168 .91 701.12 50.67 
Hybrids x years 23 182 .71** 536.72** 37.68** 
General^ x years 3 528 .33** 1,853.29** 38.50* 
Generaljjj x years 5 129 .34* 194.06 38.94** 
Speclflc^^Q X years 15 131 .38** 387.63?* 37.10** 
Pooled error 230 44 .99 107.60 10.15 
(Coeff. of variation, (6 .34) (9.43) (3.18) 















Replicates 5 72.67 62.89 33.22 
Hybrids 23 65.4?** 804.89** 26.59** 
General females 3 255.23** 1,808.71** 56.14** 
General males 5 46.52* 1,322.16** 45.16** 
SpeclflOj,^^ 15 33.83 431.70** 14.49** 
Pooled error 115 20.08 21.79 4.98 
(Coeff. of variation, % )  (4.33) (4.13) (2.27) 
1964 
Replicates 5 . 45.81 32.27 4.77 
Hybrids 23 33.54 935.62** 35.71** 
General females 3 29.45 2,221.06** 114.08** 
General males 5 71.54* 1,141.58** 70.17** 
Spsolfiofxm 15 21.70 609.88** 8.56** 
Pooled error 115 27.32 20.08 3.16 
(Coeff. of variation, % )  (5.10) (3.93) (1.82) 
1963-64 
Years 1 65.17 67.09 54.25 
Reps, w/in years 10 59.24 47.58 19.00 
Hybrids 23 58.73 1,686.77** 54.47** 
General females 3 111.28 3,977.98** 153.18 
General males 5 92.96 2,388.30** 107.18** 
SPe°lfl<=fxm 15 36.81 994.68** 17.17** 
Hybrids x years 23 40.28* 53.75** 7.83** 
General^ x years 3 173.40** 51.79 17.04** 
General^ x years 5 25.10 75.44** 8.15 
Specific^^^ X years . 15 18.72 46.91** 5.88 
Pooled error 230 23.70 20.94 4.07 

















Replicates 5 910.66 
Hybrids 23 550.11 
General females 3 2,019.20* 
General males 5 531.74 
SpeclflOf^^ • 15 262.41 
Pooled error 115 566.21 
(Coeff. of variation, % )  (19.74) 
1964 
Replicates 5 1,267.62 
Hybrids 23 492.82** 
General females 3 173.12 
General males 5 1,325.99** 
Speclflcfx^ 15 279.03 
Pooled error 115 245.16 
(Coeff. of variation,; % )  (14.04) 
1963-64 
Years 1 5,841.00* 
Reps. w/in years 10 1,089.14 
Hybrids 23 560.40 
General females 3 1,669.32 
General males 5 517.55 
SpeolfiCj,^^ 15 352.90 
Hybrids x years 23 482.53 
General^ x years 3 523.00 
General^ x years 5 1,340.19** 
Specific^^^ X years 15 188.55 
Pooled error 230 405.69 





























































Table 16 (Continued) 
Degrees 100 
Source of of seed Grain 
variation freedom' weight yield 
1963 
Replicates 5 117.89 1,038.69 
Hybrids 23 491.16** 1,239.59* 
General females 3 1,559.68** 5,437.51** 
General males 5 f-942.53** 1,057.36 
15 'y&16o.33** 460.75 
Pooled error 115 31.43 611.59 
(Coeff. of variation, %) ( 5.55) (20.07) 
1964 
Replicates 5 109.56 1,178.63 
Hybrids 23 394.34** 806.74** 
General females' 3 1,357.88** 3,190.10** 
General males 5 432.01** 797.65* 
Speclflcfxm 15 189.08** 333.10 
Pooled error 115 38.24 290.70 
(Coeff. of variation, %) (5.73) (14.12) 
1963-64 
Years 1 3,423.78** 452.51 
Reps, w/in years 10 113.73 1,108.66 
Hybrids 23 727.65** 1,693.37** 
General females 3 2,612.48 8,437.04** 
General males 5 838.07 856.30 
SpeolflCfxm 15 313.88** 623.66** 
Hybrids x years 23 157.85** 352.96 
General^ x years 3 305.07** 190.57 
General^ x years 5 436.46** 998.71 
Specific^ Q X years 15 35.53 170.19 
Pooled error 230 34.84 451.14 
(Coeff. of variation, %) (5.65) (17.42) 
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in the combined analyses. In the listing of sources of vari­
ation the component for general combining ability effects 
among female and male parents has been shortened, respectively, 
to "general females" and "general males". Similarly, the 
term "specific^^^" is an abbreviation for specific combining 
ability effects and is measured by the interaction of "general 
females" with "general males". Also, the source of variation 
designated as "replicates" was not subjected to an F test in 
any of the analyses since,the null hypothesis of no differ­
ences among replicates was of no particular concern since 
blocks, or replicates in this design, are an acknowledged 
source of variation. Before the analyses were combined over 
years, a "Bartlett's" test for homogeneity of error variances 
was calculated. For the percent heterosis data, it was 
determined that the error variances for each character were 
sufficiently homogeneous to be combined over years in the 
normal manner. 
For vegetative height, there was a significant difference 
among the hybrids in percent heterosis for 1963 and a highly 
significant difference in 196^ and when combined over years. 
The mean square for the general combining ability (GCA) par­
tition for female parents exceeded the 5^ level of probability 
in 1963 and when combined over years, but was not significant 
in 1964. Differences among the male parents for general com­
bining ability were significant In each year and when the re-
6? 
suits for the two years were combined. Specific combining 
ability effects (SCA) were not significant in either the com­
bined or individual year analyses, and none of the inter­
actions of the other variates with years shown in the com­
bined analysis exceeded the level of probability. 
For the second character, vegetative leaf stage, the 
mean squares for GCA for both males and females were signifi­
cant in 1963, but the SCA mean square was not. In 196^, 
GCA for females was not significant while the GCA for males 
was highly significant and the SCA was significant at the 3% 
probability level. In the combined analysis for vegetative 
leaf stage, only the partitions for hybrids and for GCA fe­
males by years were significant. 
Most of the mean squares attributable to the different 
sources of variation for the characters leaf length, width 
and area were significant in each analysis. In 1963» the 
mean squares for GCA for females were of greater magnitude 
than the mean squares for GCA for males, but in 196^ and in 
the combined year analyses the reverse was true. Specific 
combining ability effects generally exceeded the probability 
levels accepted as indicators of real differences in each 
Individual year analysis but were not significant in the com­
bined year analysis for any of the three characters. Most of 
the interactions of the other variates with years were sig­
nificant for all three leaf measurements. 
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In the variance analysis for number of leaves, the mean 
square for each source of variation tested was highly signif­
icant in each year. When results for the two years were com­
bined, all sources were significant except for GCA for males 
and SCA. For the stalk diameter measurements recorded in 
1963, there were significant differences among the hybrids in 
percent heterosis, and significant differences among both the 
female and male parents in general combining ability. In 
1964, only GCA for males was significant and in the combined 
analysis none of the main effects were significant. However, 
the interactions of hybrids with years and GCA females with 
years were significant. 
For mature plant height, all sources of variation tested 
in each analysis were highly significant, with the exception 
of the interaction of GCA females with years. In the analysis 
for number of days to mid-bloom, all sources of variation were 
highly significant in each year, while in the two-year analy­
sis the mean square for GCA females was not significant as 
well as the interactions of GCA males with years and SCA with 
years. 
Differences attributable to the various sources of vari­
ation for the character seeds per plant usually were not 
significant. The female parents differed in general com­
bining ability for percent heterosis in I963, the males dif­
fered for this component in 1964 and the mean square for GCA 
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males x years was significant in the combined analysis. When 
the number of seeds was expressed on a per head basis, however, 
all sources of variation were highly significant in each year 
except GCA for females in 1964 which was not significant. In 
the analysis combined over years, none of the main effects 
were significant while all of the Interactions with years were 
significant. 
For the character number of heads per plant, only the 
mean square for GCA males was significant in I963, while in 
1964 the partitions for hybrids, GCA for females and SCA were 
significant. In the combined analysis, only the interactions 
of years with hybrids and with GCA for males were significant. 
For the 100-seed weight data, all sources of variation were 
highly significant in the individual year analyses, but when 
results for the two years were combined the mean squares for 
GCA for both females and males were not significant, along 
with the interaction of SCA with years. 
In each analysis of the data for grain yield, a signifi­
cant difference was obtained among the hybrids for percent 
heterosis. Also, in each, analysis, highly significant differ­
ences were obtained among the female parents for general com­
bining ability for this character. A significant difference 
among the male parents for general combining ability was 
noted only in 1964. Specific combining ability effects did 
not exceed the 5% probability level in either year individual­
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ly but were significant at the \% level in the combined 
analysis. None of the interactions of the other sources of 
variation with years were significant. 
The source of variation attributable to year effects ex­
ceeded the \% level of probability for leaf length, width and 
area and for 100-seed weight, and exceeded the 5^ level for 
seeds per plant. Years was not a significant source of vari­
ation for the other nine characters for percent heterosis. 
The mean values on an individual plant basis for each 
entry in units of the original data are listed for reference 
in Tables 23 and 2k in the Appendix for the 1^ characters 
measured in 1963 and 1964. Each of these means represents the 
average of the measurements obtained from 6o plants. Vegeta­
tive height and leaf stage measurements were considerably 
different in the two years, with the 3^ entries averaging 55 
cm. in height in 1963 compared with 32 cm. in 1964. Similar­
ly, the average number of leaves developed by 39 days after 
planting was greater in 1963, with a mean of 11.4 obtained in 
comparison with 8.6 in 1964. Slightly longer and wider leaves 
were obtained in 1963 than in 1964, resulting in 51 sq. cm. 
greater area per leaf for the mean of all entries in 1963. 
The number of leaves per plant averaged two less in 1963 than 
in 1964, and the plants reached the mid-bloom stage a week 
earlier in I963. An average of 3763 seeds per plant was ob­
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tained in 1963, compared with a mean of 2852 in 1964, but 
when the number of seeds was determined on a per head basis 
the seasonal effect was narrowed with averages of 2339 and 
2123 listed for 1963 and 1964, respectively. This effect re­
sulted largely from the diverse averages of 1.75 heads per 
plant in I963 and 1.45 in 1964. Grain yield was substantially 
greater in 1963» with the average for all entries being 99 
grams per plant in 1963 compared with 76 in 1964. Comparative 
values recorded in the two seasons for stalk diameter, mature 
plant height and 100-seed weight were nearly alike. 
Tables 25 through 38 in the Appendix give the mean 
values on an individual plant basis for each entry for the 
original plant measurements combined over the two years for 
the l4 characters. Each of these combined means represents 
the average of 120 plants. Also listed for reference in the 
combined tables are the means for all hybrids involving a 
specific parent. Likewise, the mean squares from the analyses 
of variance of the plot means from the original plant measure­
ments for 1963 and 1964 are presented for reference in Table 
39 of the Appendix. Table 4o gives the mean squares from the 
analyses combined over years. The "Bartlett's" test for 
homogeneity of error variances indicated that the error vari­
ances were not homogeneous for vegetative height, number of 
seeds per plant and grain yield. The analyses for these 
characters were combined over years, but caution should be 
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taken in applying the levels of probability in the combined 
analyses, since non-homogeneous variances may result in sig­
nificance being obtained more frequently than should be the 
case at the stated probability level. 
In contrast to the variance analyses presented previous­
ly for the percentage data, it should be noted that in the 
partitioning of sources of variation for the original data 
the parents become one of the sources of variation, and this 
source can be further partitioned into a source for female 
parents, one for male parents and another for the females 
versus males comparison. Also, a comparison of parents versus 
hybrids becomes possible. In the analyses combined over years, 
the female and male lines were considered as fixed and years 
as random variables, so each interaction term was tested a-
gainst the pooled error and each main effect was tested against 
the interaction term of that effect with, years. Most of the 
sources of variation exceeded either the 5^ or \% probability 
level in the individual year analyses for each character, but 
when the analyses were combined over years, fewer of the main 
effects were significant because of the significant interac­
tions of many of the effects with years. Three exceptions to 
this generality were noticeable. Vegetative leaf stage had 
no interaction sources of variation that were significant at 
the probability level. For stalk diameter, only the fe­
males X years partition was significant, and only the 
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GCA males x years Interaction was significant for grain 
yield. 
General combining ability seemed to be a more important 
source of variation than specific combining ability for grain 
yield in the individual year analyses, but when results for 
the two years were combined, neither GCA females nor GCA 
males was significant while the mean square for SCA was 
significant at the 5% probability level. 
Simple phenotypic correlation coefficients among all 
characters were calculated for the 24 hybrids for each 
year and with years combined. The year effects were removed 
so that more accurate estimates of the associations among 
characters might be obtained when the correlations were 
calculated on the combined year data. The coefficients are 
listed in Tables 17, 18 and 19. Many of the characters are 
naturally related so only a few of the more important asso­
ciations will be pointed out. Most of the coefficients that 
were statistically significant in the individual and com­
bined year analyses were of the same sign, except for the 
correlations of leaf length and area with some of the other 
characters. A negative association of mature plant height 
with days to mid-bloom was significant at the 1% level of 
probability for each.year and when combined over years. There 
was essentially no association of mature plant height with 
grain yield, and the correlations of days to mid-bloom with 
Table 1?. Simple phenotyplc correlation coefficients among l4 characters for 24 
grain sorghum hybrids, 19ô3 
Vegetative Number 
Leaf Leaf of Stalk 
Characters Height stage Length Width j Area leaves diameter 
Vegetative leaf stage .816** 
Leaf length -.268 -.182 
Leaf width .000 -.069 .738** 
Leaf area -.136 -.105 .940** .921** 
Number of leaves -.835** -.799** .413* .026 .228 
Stalk diameter -.837** -.750** .533** . 205 .388 .966** 
Mature plant height .737** .617** .016 .149 .096 -.755** -.738** 
Days to mid-bloom -.849** -.822** .458* .119 .301 .991** .975** 
Seeds per plant -.296 -.432* .365 .533** .459* .485* .558** 
Seeds per head -.473* -.640** .460* .546** .516** .655** .708** 
Heads per plant .500* .656** -.387 -.383 -.391 -.618** -.639** 
100 seed weight .424* .245 .013 .003 .015 -.453* -.541** 
Grain yield -.013 -.323 .439* .630** .551** .200 .220 
Mature Days to Seeds Heads 100 
plant mid- Per Per per seed 
height bloom plant head plant weight 
Days to mid-bloom 
Seeds per plant 
Seeds per head 
Heads per plant 






















^Significant at the 5^ level of probability, 22 degrees of freedom. 
**Slgnlfleant at the 1% level of probability, 22 degrees of freedom. 
Table 18. Simple phenotypic correlation coefficients among l4 characters for 2^ 
grain sorghum hybrids, 196^ 
Vegetative Number 
Leaf Leaf of Stalk 
Characters He ight stage Length Width Area leaves ( diameter 
Vegetative leaf stage .786** 
Leaf length .475* .69s** 
Leaf width .291 .275 
Leaf area .494* .648** .888** .7^2** 
Number of leaves 
-.670** -.418* -.447* -.367 -.509* 
Stalk diameter 
-.736** -.592** 
-.597** -.187 -.527** .920** * 
Mature plant height .528** .6o4** .625** .248 .594** -.424* 
-.570** 
Days to mid-bloom 
-.751** -.563** -.555** -.577** .961** .937** 
Seeds per plant .017 -.158 r.338 -.103 -.301 .332 .382 
Seeds per head 
-.545** -.515** -.566** -.219 -.522** .829** .835** 
Heads per plant .585** .445* . 364 .130 .323 -.689** -.657** 
100 seed weight -.034 .015 .130 .219 .221 -.113 -.128 
Grain yield -.009 -.183 


















Days to mid-bloom 
Seeds per plant 
Seeds per head 
Heads per plant 






















•»Significant at the 5^ level of probability, 22 degrees of freedom. 
**Significant at the 1% level of probability, 22 degrees of freedom. 
Table 19. Simple phenotypic correlation coefficients among Ik characters for 24 
grain sorghum hybrids, 1963-64 
Vegetative Number 
Leaf Leaf of Stalk 
Characters Height stage Length Width Area leaves diameter 
Vegetative leaf stage .849** 
Leaf length .033 .293 
.526** Leaf width .068 .074 
Leaf area .062 .226 .889** .854** 
Number of leaves -.834** -.710** .161 -.056 . 061 
Stalk diameter -.878** -.746** .113 .090 .111 .960** 
Mature plant height .703** .668** .457* .351 '. 466* -.624** -.677** 
Days to mid-bloom -.861** 
-.752** .103 -.029 .044 .986** .969** 
Seeds per plant -.349 -.444* -.120 .241 .054 .521** .574** 
Seeds per head -.602** -.709** .023 .270 .155 .782** .810** 
Heads per plant .562** .664** -.133 -.260 -.212 -.683** -.690** 
100 seed weight .297 .167 .354 .275 .362 -.318 -.383 
Grain yield -. 139 -. 366 .182 .513* .383 .318 .314 













Days to mid-bloom 
Seeds per plant 
Seeds ^er head 
Heads per plant 






















*Slgnlficanb at the 5^ level of probability, 22 degrees of freedom. 
**Slgnifleant at the 1% level of probability, 22 degrees of freedom. 
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grain yield did not exceed the Sfo level of probability. Only 
seeds per plant and seeds per head were consistently assoc­
iated with grain yield. The coefficient for heads per plant 
with grain yield had a negative sign in every instance, but 
it was significant at the 5^ probability level only for the 
combined data. 
The simple phenotypic correlation coefficients computed 
between characters of the P^hybrids and their mid-parent 
values for the same characters, and between mid-parent values 
for each character and grain yield of the hybrids are listed 
in Table 20. Practically all of the associations between 
mid-parent and hybrid values for the same character, were sig­
nificant at the 1% probability level. The only exceptions 
were leaf width and area in 1964 and neither of them was sig­
nificant at the levels tested. The correlation coefficients 
calculated between the mid-parent values for each character 
and grain yield of the hybrids were considerably different in 
magnitude and frequency of significance than were those re­
lating the same character in parental and hybrid populations. 
Many of these coefficients were not significant at the 5% 
probability level and those that were significant were of 
relatively low magnitude. For the two-year data, the mid-
parent character most closely associated with grain yield of 
the hybrids was grain yield itself, and next in magnitude was 
seeds per plant. 
Table 20. Simple phenotypic correlation coefficients between characters of Zk F]_ 
grain sorghum hybrids and their mid-parent values for the same char­
acters, and between mid-parent values for each character and grain 
yield of the hybrids, 1963, 1964 and 1963-64 
Mid-parent 
value for 























Vegetative height .585** .230** .329** . 068 .553** .203** 
Vegetative leaf stage .531** .332** .557** -.052 .539** .231** 
Leaf length .590** .208* .405** -.095 .531** .154** 
Leaf width .315** .194* .114 .048 .242** .151** 
Leaf area .469** .216** .108 .007 .376** .171** 
Number of leaves .831** .088 .890** .160 .858** .109 
Stalk diameter .894** . 066 .837** .099 .869** .075 
Mature plant height .443** .039 .310** .065 .374** .046 
Days to mid-bloom .878** .038 .913** .147 .897** .075 
Seeds per plant .466** .284** .349** .278** . 434** .282** 
Seeds per head .672** .161 .724** .109 .691** .142* 
Heads per plant .613** .071 .528** .076 .578** .071 
100 seed weight .332** -.026 .220** .004 .284** -.018 
Grain yield .307** .307** .276** .276** .298** .29s** 
•«•Significant at the level of probability, 142 d.f. for 1963 and 1964, 284 
d.f. for 1963-64. 
**Signifleant at the Vfo level of probability, 142 d.f. for I963 and 1964, 284 
d.f. for 1963-64. 
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Experiment II 
The Fg experiment, which was grown only in one year and 
at one location, was located immediately adjacent to the 1964 
experiment and the means on an individual plant basis for 
each of the 14- characters (Table 4l of the Appendix) were 
quite comparable for the two experiments. 
The magnitude of heterosis in the and inbreeding de­
pression in the F^ were of primary interest in this experi­
ment. The means for each F^ and hybrid, expressed as a 
percent of their respective mid-parent values for each char­
acter, are presented in Table 21. Also presented are the 
grand means of the F^ and F^ hybrids for each character. The 
means listed for percent heterosis for the seven F^ hybrids 
grown in Experiment II were similar to the means for each 
character of the 24 F^ hybrids of Experiment I in 1964 (Tables 
1 to l4). The magnitude of inbreeding depression in the F^ 
generation as measured by the means of the seven F^ hybrids 
is the comparison of major interest in Table 21, although the 
depression of individual F^ hybrids was observed to vary con­
siderably among hybrids and among characters. Considering the 
average of the hybrids in each generation, the F^ mean for 
most characters moved from the F^ mean toward the mid-parent 
mean as would be expected, on the basis of predominantly addi-
Table 21. Mean percentage values for Ik characters of each and hybrid 
in terms of its mid-parent value, averaged over 9 replicates in 1964^ 
Vegetative Leaf Number 
Gener- Leaf of Stalk 
Hybrid atiori Height stage Length. Width. Area leaves diameter 
Reliance X.Norghum p. 125 .0 108. 6 101 .4 107. 0 108 .9 95 .9 103. 1 II X " 4 116 . 6 105. 4 101 . 6 103. 8 106 .1 99 .2 102. 8 
Reliance X Caprock Pi 120 .1 105. 7 98 .4 94. 2 93 . 6 104 .8 105. 3 II X " 
^2 107 .9 102. 3 96 .4 95. 1 92 .4 100 .9 103. 1 
Martin x Texas 7078 P-, 110 .9 101. 6 101 .1 104. 3 105 .9 98 .8 103. 6 
" X II 
^2 101 .1 99. 9 99 .8 102. 9 103 .2 100 . 6 104. 2 
Kafir 6o X Texas 7078 Pn 112 .7 102. 2 101 .3 106. 1 107 .4 98 .0 101. 9 II X " 
^2 97 .6 99. 8 100 .9 102. 9 104 .4 100 .4 104. 2 
Kafir 60 X Caprock Pn 121 .0 104. 7 98 .0 98. 8 95 . 6 95 .2 104. 3 II X " 4 104 .8 100 . 1 93 . 6 97. 1 89 .7 99 .2 104. 1 
Wheatland x Norghum Pn 112 .7 104. 6 107 .1 104. 9 113 .3 103 .2 102. 7 II X " 4 97 .3 98. 9 105 . 6 100. 2 106 .3 103 .0 100. 9 
Wheatland x Plainsman P-, 107 .9 100. 9 100 .1 101. 9 102 .2 101 . 6 106. 4 
II X " 4 96 .2 97. 7 99 .2 105. 9 105 .3 101 .9 104. 8 
Grand mean P-, 115 .8 104. 0 101 .1 102. 5 103 .8 99 . 6 103. 9 
Grand mean 4 103 .1 100. 6 99 . 6 101. 1 101 .1 100 .7 103. 4 
LSD (all hybrids) 9 .9 4. 1 2 .9 4. 5 6 . 6 2 .4 NS 
Table 21 (Continued) 
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LSD (all hybrids) 4.6 2.0 15.0 12.5 NS 5.3 16.0 
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tlve gene action and no linkage, even though the mean square 
for the vs. Fg comparison was not significant at the levels 
tested for 9 of the 14 characters (Table 22). Significance 
was obtained for this comparison only for vegetative height, 
leaf width, number of leaves, mature plant height and days to 
mid-bloom. The mean squares for entries, hybrids and 
hybrids exceeded the 1% probability level for most of the 
characters. The noticeable exception was stalk diameter where 
none of the mean squares were significant at the two levels 
tested. 
Appendix Table 4-1 lists the means in the units of the 
original data for the 14- characters for all entries of the F g 
experiment. Each entry mean represents the average of the 
measurements obtained from 90 plants. Also given are the 
grand means of the eight parents and of the seven F^ and F^ 
hybrids for each character. The mean squares from the assoc­
iated analyses of variance are presented in Table 42. There 
were highly significant differences among the entries for each 
character. The parents differed for all characters except 
vegetative height, while highly significant differences were 
obtained among both the F^ and the P^ hybrids for all char­
acters. The mean squares for comparison of the P^ vs. Fg 
generations exceeded the 1% level of probability for all 
characters except leaf width, stalk diameter, heads per plant 
Table 22. Mean squares from analysis of variance for experiment where and P 
observations were recorded as a percent of the mid-parent value, 196M-
Source of Degrees of Vegetative Leaf 
variation freedom Height Leaf stage Length Width Area 
Replicates 8 314.96 39.03 17.40 40.72 95.29 
Entries 13 776.49** 85.61** 103.51** 152.56** 434.95** 
hybrids 6 1,245.21** 109.69** 136.92** 142.77** 469.71** 
Pg hybrids 6 322.90* 65.71** 82.07** 170.00** 472.58** 
Pi vs. P2 1 685.71* 60.58 31.78 106.69* 0.70 
Pooled error 104- 111.41 19.09 9.71 23.71 49.24 
(Coeff. of 
variation, (9.65) (4.27) (3.11) (4.78) (6.85) 
Number Mature Seeds 
Source of Degrees of of Stalk plant Days to per 
variation freedom leaves diameter height mid-bloom plant 
Replicates 8 34.77 38.63 57.38 11.09 617.12 
Entries 13 66.06** 18.20 1 ,409.80** 69.65** 3L909.91** 
P]_ hybrids 6 13.43 16.36 893.31** 115.92**2,763.46** 
P2 hybrids 6 45.77** 18.11 1 ,636.40** 23.43** 3^327.63** 
P^ vs. P2 1 503.56** 29.76 3 ,149.27** 69.37** 282.33 
Pooled error 104 6.35 29.08 24.27 4.72 258.05 . 
(Coeff. of (4.37) (2.22) (14.20) variation, (2.51) (5.20) 
*P value exceeds the 5^ level of probability. 
**P value exceeds the 1^ level of probability. 
Table 22 (Continued) 
Seeds 'Heads 100 
Source of Degrees of per per seed Grain 
variation freedom head plant weight yield 
Replicates 8 90.51 992.20 35.93 548.01 
Entries 13 1,312.45** 619.41 868.85** 1,266.70** 
hybrids 6 1,682.88** 1,097.22* 772.03** 1,879.11** 
F2 hybrids 6 1,056.11** 243.59 1,107.95** 813.76* 
Pi vs. P2 1 627.94 7.44 15.14 309.86 
Pooled error 10 4 177.59 472.31 31.73 293.10 
(Coeff. of 
variation, ^ ) (12.65) (19.90) (5.19) (14.00) 
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and 100-seed weight. None of these characters differed sig­
nificantly at the probability level. 
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DISCUSSION 
Environmental conditions for the 1963 and 1964 seasons 
were quite similar except for the month of June. For the five 
months of May through September, a total of 18.65 inches of 
rain was recorded at the Agronomy Farm in I963 compared with 
21.07 inches in 1964. Most of this difference can be ac­
counted for in the month of June. In June, 1963, 1.27 inches 
of rain were received, while in June, 1964, 6.09 inches were 
received. Temperatures during the two seasons differed 
greatly only in June. In 1963, the average daily maximum 
temperature for the month of June was 85.9°F. compared with 
81.0° in 1964. The average daily minimum temperature for 
June, 1963, was 61.5° compared with 57-9° in 1964. The pos­
sible effects of these differences will be considered as the 
means for the original data are discussed, since it is pro­
posed that these environmental differences caused greater 
contrasts in the magnitude of the original plant measurements 
from year to year than they did for the relative magnitude of 
the expressions of percent heterosis shown by the hybrids in 
the different years. 
For vegetative height, it appears that the seasons had 
little or no effect on the expressions of heterosis for the 
hybrids or on the general combining ability of the parents 
for percent heterosis. The hybrids averaged 8.2^ taller than 
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their respective mid-parent values at 39 days after planting, 
which is in harmony with the often observed increased seed­
ling vigor of sorghum hybrids. The average of 2.4^ heterosis 
for vegetative leaf stage indicates that the hybrids had only 
a slight advantage over the average rate of leaf development 
of their parental lines. Some differences in the expression 
of heterosis were obtained among the hybrids in each variance 
analysis, but the combined analysis indicated that the parents 
did not differ in general combining ability for percent heter­
osis for this trait. 
A slightly greater heterotic response was obtained for 
leaf width than for leaf length, which agrees with the report 
of Quinby (1963) involving three hybrids. The magnitude of 
heterosis for both leaf length and leaf width was greater in 
1963 than in 1964. Although the response for each of these 
measurements is not large, their combined effect in producing 
an increased leaf area for hybrids can be sizable. As 
shown in Table 15, the hybrids were about equally divided 
above and below their greater parent for the three leaf 
measurements. Several of the parents used in this experiment 
are late-maturing varieties that have long, wide leaves giving 
a leaf area seldom matched by the hybrids. The number of 
leaves also is an important factor in determining the total 
photosynthetic area available to the plant. In this experi­
ment, essentially no heterosis was observed for number of 
88 
leaves if the average of all hybrids is considered. However, 
small differences were obtained among the hybrids in the 
magnitude of heterosis for this trait with a range of ex­
pression from 9^.?^ to 108(5^ of the mid-parent value. 
A tendency for the hybrids- to have stalks slightly 
larger in diameter than the average of the parents was ob­
served. However, few significant differences were obtained 
in the variance analyses for percent heterosis for this char­
acter, and the superiority of hybrids does not appear to be 
dependent on larger stalks. All hybrids were taller than 
their mid-parent averages. The heterosis values obtained for 
mature plant height were among the largest and most uniform in 
expression and the average of 13.6^ is in line with other 
findings. As in the majority of studies reported, one of 
the manifestations of heterosis in sorghum observed in this 
research was the earlier mid-bloom date of the hybrids in 
comparison with their parents. Nine of the hybrids reached 
mid-bloom as soon as, if not quicker than, their earlier 
parent, and no hybrid was as late as its later parent. 
Several investigators have reported that the number of 
seeds per head is the component of yield which contributes 
most to high grain yield. This finding is supported by the 
present data which show that the hybrids averaged l6.1^ 
more seeds per plant and 10.0^ more seeds per head than the 
average of the parents. A smaller heterotic response was ob­
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tained for the other two components of yield. It is possible 
that the within row spacing of six inches between plants did 
not permit a maximum expression for tillering by either the 
hybrids or parents, and any potential advantage for the hy­
brids, thus, was not manifest. At any rate, the hybrids 
averaged only 7-0% more heads per plant than the parental 
average. The low heterotic response observed -for seed size 
is consistent with other studies which have pointed out that 
seed size seems to be the most stable yield component and the 
last to exhibit heterosis. 
For grain yield, the character in which the heterotic 
effects for all traits are ultimately reflected, all hybrids 
exhibited a considerable advantage over their parents. How­
ever, the range for the two-year averages of the hybrids 
from 5*8^ to 47.4^ above the mid-parent value emphasizes the 
necessity for screening hybrids to identify the ones from 
which the most- desirable expression of heterosis can be ex­
pected. Prom a practical standpoint, however, one would not 
select a hybrid merely on the expression of heterosis above 
its mid-parent value, but would consider the performance of 
a hybrid in relation to its better parent and also in relation 
to other hybrids or parental lines available. If each of the 
hybrids in this study is compared with its better parent for 
grain yield, the average heterosis of 22.0# above the mid-
parent value reduces to 10.?^ above the mean for the better 
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parents. Further, for the two years combined, only the Com­
bine Kafir 6o x Caprock hybrid yielded significantly more than 
Caprock, which was the highest yielding variety in the experi­
ment. 
Although most of the hybrids in this experiment were not 
significantly different from Caprock in grain yield, all of 
them were from several days to over two weeks earlier in date 
of mid-bloom than Caprock. This advantage for the hybrids 
may be magnified further through the attainment of low mois­
ture grain at harvest time and thus be of increased value for 
the production of sorghum in the corn belt area. The correla­
tion coefficients calculated for the association of days to 
mid-bloom with grain yield were all in the positive direction 
but none were significant at the conventional 5% probability 
level. The regression of grain yield on days to mid-bloom 
can still be calculated, however, and a regression coefficient 
significantly different from zero can be obtained. This pro­
cedure would make it possible for the plant breeder to dis­
card the hybrids which fell below the regression line and de­
vote his attention to the more desirable group remaining. 
In many studies, with other crops as well as with sor­
ghum, there has been a tendency for a relatively high percent 
heterosis to be expressed by hybrids whose parents were 
comparatively low performing for the trait under considera­
tion. An examination of the actual means of the parents and 
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their hybrids and the means for percent heterosis of the hy­
brids by parents for each of the l4 characters will reveal 
many examples which support this tendency. However, several 
instances of high percent heterosis also were obtained when 
the extreme parents for each trait were crossed. This oc­
currence is equivalent to the situation sometimes observed 
in sorghum and other species where a high level of heterosis 
has been obtained when varieties from two different ecological 
habitats were crossed. In this experiment, the Reliance x 
Caprock and the Wheatland x Norghum hybrids combine the 
earliest maturing female parent with the latest maturing male 
and the latest maturing female with the earliest maturing 
male, respectively. The two early maturing varieties normally 
are grown in the northern Great Plains and the two late 
maturing varieties are grown considerably farther south. Both 
of these hybrids were on the upper end of the scale in terms 
of total grain yield as well as in terms of percent heterosis 
for grain yield. 
The analyses of variance for the various characters indi­
cated that significant differences existed among the hybrids 
in the magnitude of expression of heterosis for most of the 
characters. Thus, hybrids may be selected which would give a 
large expression of heterosis for these characters, but, as 
was pointed out previously, selection normally is based on 
the performance of hybrids in terms of the original plant 
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measurements rather than on the expressions of percent in­
crease above a mid-parent value. The combining ability-
analyses for the percent heterosis data present some problems 
of interpretation since all combining ability estimates re­
viewed in the literature section have been reported in 
terms of the original plant measurements rather than in terms 
of percent heterosis. 
Evaluations of combining ability effects based on the 
analyses for the original plant measurements also are possi­
ble from the tables presented in the Appendix of this thesis. 
However, emphasis in this dissertation has been directed to 
interpretations of the percent heterosis data, and interpre­
tations of the combining ability effects evidenced for the 
original plant measurements will not be considered here. For 
percent heterosis, differences in general combining ability 
effects were observed among both the female and male parents 
for many of the characters. The relative importance of the 
general combining ability effects for female or male parents 
varied from year to year and from character to character. In 
most of the analyses, specific combining ability was of less 
importance than general combining ability. Mean squares for 
several of the interactions of the various sources of varia­
tion with years were significant indicating that heterotic 
responses were not precisely the same from year to year. 
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Means for the original measurements for most of the 
characters exhibited greater contrast from year to year than • 
did the means for percent heterosis. As an example, the hy­
brids averaged 56 cm. for vegetative height in 1963 compared 
with 33 cm. in 196^. These same values expressed in terms of 
the mid-parent average were 107.2^ and 103.2% for the two 
years, respectively. This pattern was repeated for several 
of the characters and was again quite noticeable for grain 
yield where average hybrid yields of 104 and 80 grams per 
plant in the two years were equivalent to averages of 123.2^ 
and 120.7^ of the mid-parent values. Thus, the evidence sug­
gests that each hybrid combination has a fairly stable po­
tential for manifestation of heterosis for the various char­
acters, and that the same percentage expression of heterosis 
will be obtained regardless of the base performance level at­
tained under the existing environmental conditions. 
The plants were much further developed in 1963 than in 
1964 when the two vegetative measurements were taken. It 
would seem that growth should have been more rapid in 1964 on 
the basis of better soil moisture. However, the month of 
June in 1964 was considerably cooler than in 1963. It is sug­
gested that the warmer temperatures in June of I963 were 
primarily responsible for the faster development of the plants. 
The more rapid growth of plants exhibited in the early stages 
of development in 1963 continued as the plants approached 
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maturity, with the plants reaching the mid-bloom stage a full 
week earlier in I963 than in 1964. .Although the plants 
bloomed a week earlier in 1963, they still outyielded the 
1964 plants by an average of 23 grams per plant. For a more 
commonly used measure of the levels of grain yield obtained 
in the two seasons, the means for yield in grams per plant 
shown in the Appendix tables can be multiplied by 102.9# to 
approximate yield in bushels per acre. 
The 24 hybrids averaged 95 bushels per acre for the 
two-year period. Individual hybrids ranged from 75 bu./a. 
for the Reliance x Norghum hybrid to 110 bu./a. for the Com­
bine Kafir 60 x Caprock hybrid. It should be noted that 
Reliance and Norghum are the earliest maturing, lowest yield­
ing female and male parents, respectively, while Combine 
Kafir 60 is one of the later, higher yielding females and 
Caprock is thé latest maturing, highest yielding male line. 
Although few of the differences in yield among the parents 
were significant, a pronounced trend was established in sup­
port of the premise that high yielding hybrids will result 
from combinations of high yielding parents. Examination of 
the parental means and means of the hybrids by parents for 
each character in Appendix Tables 25 though 38 shows that a 
very good estimate of the general combining ability of a 
variety can be obtained from the varietal performance per se 
for most of the characters. As was pointed out previously. 
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high grain yields also were obtained from crosses of the 
earliest female by the latest male and the latest female by 
the earliest male. The high yield exhibited by the crosses 
involving widely contrasting parents likely was a result of 
the high level of genetic diversity attained in these first 
generation hybrids. 
A positive association between mature plant height and 
days to mid-bloom usually has been observed in studies with 
sorghum. The negative correlation obtained for these traits 
in this investigation apparently results from the performance 
of the hybrids involving the Reliance and Norghum parents. 
These two lines are much earlier than the other parents in­
volved and they have fewer leaves but considerably longer 
internodes. Thus, the factors governing plant height most 
likely are somewhat different from those of the other lines, 
and, as a result, the hybrids of Reliance and Norghum with 
the other lines were earlier but also considerably taller than 
the hybrids which did not involve these parents. The failure 
to obtain significant associations of mature plant height and 
days to mid-bloom with grain yield when data from all hybrids 
were considered indicates that yield was not a result of 
complementary gene action between the loci governing height 
and maturity. The negative association of the number of heads 
per plant with grain yield is explained by the fact that the 
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later plants predominantly produced only one or two large 
heads per plant while the early plants tillered considerably 
more and produced several very small heads with a low total 
grain yield. 
All of the simple phenotypic correlation coefficients 
between the mid-parent values and the performance of their 
hybrids for the same characters were highly significant, 
indicating that the average of the parental values for a 
given character will adequately predict the performance of 
their hybrid for that character. The mid-parent average for 
few of the characters, however, would be valuable for pre­
dicting grain yield of the hybrid. The parental averages 
for vegetative height and leaf stage and for leaf length, 
width and area were all significantly correlated with grain 
yield of the hybrid in I963 and when years were combined, but 
none were significant in 1964. However, these measurements 
are not normally taken in an applied program for the develop­
ment and testing of hybrids, and usually would not be avail­
able to the plant breeder. Also, the coefficients for these 
correlations were .3 or less in all instances, and would not 
be of marked value for predictive purposes. The mid-parent 
values for seeds per plant, seeds per head and grain yield 
also were correlated significantly with grain yield of the hy­
brid. It is somewhat gratifying that the highest coefficient 
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was obtained for the correlation of the mid-parent value for 
grain yield, with yield of the hybrid, since that measurement 
would almost certainly be available for the parental lines 
being evaluated. Although these correlations, like those for 
the vegetative characters, were significant at the 1% proba­
bility level, with the exception of seeds per head with grain 
yield which exceeded the S% level, they also w%re relatively 
low in magnitude and again would be of limited value for the 
prediction of hybrid performance. 
Plant improvement in the self-pollinated crops usually 
has followed the procedure of making selections from hetero- . 
zygous or heterogeneous 'source populations, growing the 
self-pollinated progeny of the selections, continuing selec­
tion within and among these progenies for several generations 
and eventually obtaining homozygous lines for release as pure 
line varieties. These pure lines are quite vigorous, easy to 
maintain, and may be selfed for an unlimited number of genera­
tions with little or no decrease in vigor. If one starts with 
the generation, however, and performance of the hybrid 
is appreciably different from the mid-parent value, then in­
breeding depression should be obtained in the generation. 
Inbreeding depression was observed in this experiment for most 
of the characters approximately as would be expected on the 
basis of independent assortment and predominantly additive 
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action of genes. This depression was exhibited even though 
the analyses of variance for the percent heterosis data 
showed significant differences for the vs. comparison 
for only. 5 of the l4 characters. Variance analyses of the 
original plant measurements, however, indicated significant 
differences for the vs. comparison for ten of the 
characters. 
For grain yield, the seven F^ hybrids displayed an 
average yield of 129.4^ of their respective mid-parent values, 
while their progeny averaged 115.1^ of the mid-parental 
yield. These means lend support to the theory that the ex­
pression of heterosis by hybrid populations is primarily a re­
sult of the accumulation of favorable dominant or partially 
dominant genes, and that the mean of the F^ hybrids is es­
tablished as a result of normal Mendelian segregation of 
multiple factors acting in an additive manner with partial to 
complete dominance. The almost perfect regression of the 
A 
Fg mean back half-way from the F^ value toward the mid-parent 
value for grain yield supports the assumption of no epistasis. 
The Fg means of a few of the other characters show good agree­
ment with this 50^ depression, however, the F^ means for 
several characters are not in agreement with the 50^ reduction 
in heterosis expected on theoretical grounds. If epistatic 
interaction is involved, equilibrium of the population mean 
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will not be reached in the F^, but it will be approached more 
or less rapidly depending on the number of interacting loci 
and the closeness of the linkage between. However, according 
to Falconer (i960), the existence of epistatic interaction is 
intimately connected with the scale of measurement, and, for 
reasons connected with this, halving of the heterosis shown 
by the F^ hybrid is not often realized with F^ populations, 




Grain sorghum crosses were made in the summer of I962 
using four male-sterile lines as female parents and six pol­
len fertility restorer lines as male parents giving 24 
populations among which comparative expressions of heterosis 
were studied. Experiment I was composed of the 24 and-iO 
parental populations planted in a randomized block design 
with six replicates in I963 and 1964 at Ames, Iowa. Fourteen 
vegetative and mature plant characters were measured on an 
Individual plant basis and plot means, of ten plants per 
plot, were analyzed. Emphasis was placed on the analysis of 
heterosis values obtained by transposing the original plot 
means recorded for each hybrid to a percent of the respective 
mid-parent value. 
The warmer temperatures in June, 1963, promoted more 
rapid growth and development of the.plants in that season, 
even though June, 1963» was drier than June, 1964. Means for 
the original measurements for most of the characters exhibited 
greater contrast from year to year than did the comparative 
year means for percent heterosis, suggesting that each hybrid 
combination has a fairly stable potential for the manifesta­
tion of heterosis for the various characters, and that the 
same percentage expression of heterosis will be obtained re­
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gardless of the base performance level attained under the 
existing environmental conditions. 
Heterosis was expressed by the hybrids in more rapid 
vegetative growth and leaf development, longer and wider 
leaves ^ving more area per leaf, increased stalk diameter 
and mature plant height, earlier blooming, more seeds per 
plant and per head, increased number of heads per plant, 
larger seed, and increased grain yield. No heterosis was 
observed for the total number of leaves on the main culm. . 
A larger heterotic response was obtained for grain yield than 
for any other character. The hybrids averaged 122^ of the 
mid-parent value for the two years and the comparative ex­
pression among the different hybrids ranged from 106^ to 14?^ 
of the parental average for grain yield. In relation to the 
better parent for each hybrid combination, the hybrids ranged 
from 99.6% to 126#, with an average of 111^. Further, only 
one hybrid yielded significantly more than Caprock which was 
the highest yielding variety in the experiment. However, 
Caprock also was the latest maturing variety, and several of 
the hybrids equaled Caprock in grain yield while maturing 
several days earlier. 
A tendency for a relatively high percent heterosis was 
observed in hybrids whose parents were comparatively low per­
forming for the trait under consideration. Large expressions 
of heterosis also were obtained in many instances when the 
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extreme parents for each trait were crossed. In grain yield, 
for example, the Reliance x Caprock and Wheatland x Norghum 
hybrids were two of the highest in expression of heterosis. 
Both of these hybrids also were on the upper end of the 
scale in terms of total grain yield, which probably was a 
result of the high level of genetic diversity attained from 
the combining of widely contrasting parents. 
For grain yield, a pronounced trend was established in 
support of the premise that high yielding hybrids will result 
from combinations of high yielding parents, even though the 
percent heterosis manifest in terms of the mid-parent per­
formance may be less than for other parental combinations. 
Evidence was presented that a very good estimate of the gen­
eral combining ability of a variety can be obtained from the 
varietal performance per se for most of the characters. The 
general combining ability of a line 'was more important than 
its specific combining ability in most of the analyses for 
both the percent heterosis data and the original measurement 
data. 
A negative association was obtained between mature plant 
height and days to mid-bloom, and between the number of heads 
per plant and grain yield. Mature plant height and days to 
mid-bloom were not significantly associated with grain yield, 
indicating that yield was not a result of complementary gene 
action between the loci governing height and maturity. Only 
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seeds per plant and seeds per head were consistently assoc­
iated with grain yield. The correlation coefficients calcu­
lated between the mid-parent values and the performance of 
their hybrids for the same character indicated that the 
average of the parental values for a given character will 
adequately predict the performance of their hybrid for that 
character. Correlations of the mid-parent values for the 
various characters with grain yield of the hybrids indicated 
that the best prediction for grain yield of a hybrid would be 
obtained from the parental average for grain yield itself. 
Seven hybrids were selected on the basis of the I963 
percentage data to represent the range of heterosis expressed 
for grain yield. Experiment II was composed of the seven 
populations, their seven respective populations and the 
eight parental populations involved. Individual plant 
measurements were taken on 90 plants of each entry for the 
same characters measured in Experiment I. Expressions of 
heterosis among the F^ populations were comparable with those 
obtained in Experiment I in 1964'. Inbreeding depression was 
manifest among the F^ populations for most of the characters 
approximately as would be expected on the basis of independ­
ent assortment and predominantly additive action of genes. 
For grain yield, the seven F^ hybrids averaged 129# of the mid-
parent values, while their F^ progeny averaged 115^ of the 
mid-parental yield. Inbreeding depressions obtained in the 
Fg populations did not conform as closely to the anticipated 
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value for all characters measured, but generally approximated 
the expected reduction. These means lend support to the 
theory that the expression of heterosis by hybrid populations 
is primarily a result of the accumulation of favorable domi­
nant or partially dominant genes, and that the mean of the 
hybrids is established as a result of normal Mendelian segre­
gation of multiple factors acting in an additive manner with 
partial to complete dominance. 
105 
LITERATURE CITED 
Allard, R. W. CI960. Principles of plant "breeding. New 
York, New York, John Wiley and Sons, Inc. 
Anderson, R. E. and Webster, 0. J. 1959. Factors contrib­
uting to yield in sorghum hybrids. Agronomy Abstracts 
1959:53. 
Argikar, G. P. and Chavan, V. M. 195?.' A study of heterosis 
in sorghum. Indian Journal of Genetics and Plant Breed­
ing 17:65-72. 
Arnon, I. and Blum, A. 1962. Factors responsible for yield 
superiority of hybrid sorghum. Israel Journal of 
Agricultural Research 12:95-105* 
Arnon, I. and Blum, A. 196^. Response of hybrid and self-
pollinated sorghum varieties to moisture regime and Intra-
row competition. Israel Journal of Agricultural Re­
search 14:45-53-
Arnon, I. and Blum, A. I965. The superiority of a hybrid 
sorghum over self-pollinated varieties at different 
dates and rates of planting. Israel Journal of Agri­
cultural Research 15:3-12. 
Ashton, T. 1946. The use of heterosis in the production of 
agricultural and horticultural crops. Cambridge, Eng­
land, School of Agriculture, Imperial Bureau of Plant 
Breeding and Genetics. 
Aycock, M. K., Jr., Mann, T. J. and Matzlnger, D. F. 1963. 
Investigations with a form of cytoplasmic male-sterility 
in flue-cured tobacco. Tobacco Science 7:130-135» 
Barnes, C. E. and Staten, G. 196I. The combining ability of 
some varieties and strains of Gossyplum hlrsutum. New 
Mexico Agricultural Experiment Station Bulletin 457* 
Bartel, A. T. 19^9. Hybrid vigor in sorghums. Agronomy 
Journal 41:1^7-152. 
Bell, G. M. 1963. Inheritance of quantitative characters in 
grain sorghum. Unpublished M.S. thesis. Ames, Iowa, 
Library, Iowa State University of Science and Technology. 
Benzer, S. 1955. Fine structure of a genetic region in 
bacteriophage. Proceedings of the National Academy of 
Sciences 41:344-35^. 
106 
Borlaug, N. E., Ortega, J. C., Narvaez, I. M., Garcia, A. S. 
and Rodriguez, R. R. 1964. Hybrid wheat In perspective. 
In Hybrid Wheat Seminar Report, pp. 1-19. Minneapolis, 
Minnesota, Crop Quality Council. 
Briggle, L. W. I963., Heterosis in wheat: a review. Crop 
Science 3:407-4l2. 
Briggle, L. W., Daum, R.J. and Stevens, H. 1964. Expression 
of heterosis in two wheat crosses. Crop Science 4:220-
223. 
Brooks, M. H. 1960. A study of the mode of gene action in 
cytoplasmic male sterility; semiquantitative analyses 
of the free amino acids in anthers of fertile and cyto­
plasmic male sterile sorghum. (Abstract) Genetics 45: 
978-979. 
Bruce, A. B. 19IO. The MendelIan theory of heredity and the 
augmentation of vigor. Science 32:627-628. 
Coffman, F. A. and Wiebe, G. A. 1930. Hybrid vigor in oats. 
American Society of Agronomy Journal 22:848-860. 
Conner, A. B. and Karper, R. E. I927. Hybrid vigor in 
sorghum. Texas Agricultural Experiment Station Bulletin 
359. 
Crow, J. P. 1948. Alternative hypotheses of hybrid vigor. 
Genetics 33:477-487. 
Crow, J. F. 1952. Dominance and overdominance. In Gowen, 
J. W., ed. Heterosis, pp. 282-297. Ames, Iowa, Iowa 
State College Press. 
Davenport, C. B. I908. Degeneration, albinism and inbreed­
ing. Science 28:454-455. 
Duvlck, D. N. 1959. The use of cytoplasmic male-sterility 
in hybrid seed production. Economic Botany 13:167-195. 
East, E. M. 1936. Heterosis. Genetics 21:375-397. 
Falconer, D. S. CI960. Introduction to quantitative genet­
ics. New York, New York, The Ronald Press Company. 
Hadley, H. H. 1957. An analysis of variation in height in 
sorghum. Agronomy Journal 49:144-147. 
107 
Immer, P. R. 19^1. Relation between yielding ability and 
homozygosis in barley crosses. American Society of 
Agronomy Journal 33:200-206. 
Ireland, J. C. 1938. Sorghum characters grouped by multiple 
correlations. Journal of Agricultural Research 56:707-
710. 
Jones, D. F. 1917» Dominance of linked factors as a means 
of accounting for heterosis. Genetics 2:466-479. 
Jones, J. E. and Loden, H. D. 1951* Heterosis and combining 
ability in Upland cotton. Agronomy Journal 43:514-516. 
Kambal, A. E. K. 1962. A study on combining ability in 
grain sorghum. Microfilm copy, unpublished Ph.D. thesis, 
University of Nebraska, Lincoln, Nebraska. Arm Arbor, 
Michigan, University Microfilms. 
Karper, R. E. and Conner, A. B. 1919. Natural cross-polli­
nation in milo. American Society of Agronomy Journal 11; 
257-259. 
Karper, R. E. and Quinby, J. R. 1937. Hybrid vigor in sor­
ghum. Journal of Heredity 28:83-91. 
Keeble, P. and Pellew, C. I9IO. The mode of inheritance of 
stature and of time of flowering in peas Pisum sativum. 
Journal of Genetics 1:47-56. 
King, J. G., Quinby, J. R., Stephens, J. C., Kramer, N. W. and 
Lahr, K. A. I96I. An evaluation of parents of grain 
sorghum hybrids. Texas Agricultural Experiment Station 
[PublicationI MP-5IO.' 
Kronstad, W. E. and Poote, W. H. 1964. General and specific 
combining ability estimates in winter wheat (Triticum 
^ aestivum Vill., Host). Crop Science 4:6l6-6l9. 
Larson, R. E. and Currence, T. M. 1944. The extent of hybrid 
vigor in P]_ and Pg generations of tomato crosses. 
Minnesota Agricultural Experiment Station Technical 
Bulletin l64. 
Mann, T. J., Jones, G. L. and Matzinger, D. P. I962. The use 
of cytoplasmic male sterility in flue-cured tobacco 
hybrids. Crop Science 2:407-4l0. 
108 
Martin, J. H. 1928. Plant characters and yield in grain 
sorghums. American Society of Agronomy Journal 20: 
1177-1182. 
Martin, J. H. 1936. Sorghum improvement. United States 
Department of Agriculture Yearbook 1936:523-^60. 
Matzinger, D. F. 1963. Experimental estimates of genetic 
parameters and their applications in self-fertilizing 
plants. National Academy of Sciences, National Research 
Council Publication 932:253-279. 
Matzinger, D. F. and Mann, T. J. 1962. Hybrids among flue-
cured varieties of Nicotiana t aba cum in the P-, and F. 
generations. Tobacco Science 6:125-132. 
Matzinger, D. F., Mann, T. J. and Cockerham, C. C. I962. 
Diallel crosses in Nicotiana tabacum. Crop Science 2: 
383-386. 
Maunder, A. B. and Pickett, R. C. 1959. The genetic in­
heritance of cytoplasmic-genetic male sterility in grain 
sorghum. Agronomy Journal 51:^7-^9. 
McBride, A. C. and Zuber, M. S. i960. The effects of plant 
density on several yield components for the parents, F, 
and Fp generations of hybrid grain sorghum. Agronomy 
Abstracts 1960:51. 
Miller, P. A. and Lee, J. A. 1964. Heterosis and combining 
ability in varietal top crosses of Upland cotton, Goss-
ypium hirsutum L. Crop Science 4^646-649. 
& 
Miller, P. A. and Marani, A. I963. Heterosis and combining 
ability in diallel crosses of Upland cotton, Gossypium 
hirsutum L. Crop Science 3:441-444. 
Moore, J. F. and Currence, T. M. 1950. Combining ability in 
tomatoes. Minnesota Agricultural Experiment Station 
Technical Bulletin 188. 
Niehaus, M. H. 1964. Combining ability for grain yield and 
its primary and secondary components in Sorghum vulgare 
Pers. Microfilm copy, unpublished Ph.D. thesis, Purdue 
University, Lafayette, Indiana. Ann Arbor, Michigan, 
University Microfilms. 
Poehlman, J. M. cl959. Breeding field crops. New York, New 
York, Henry Holt and Company, Inc. 
109 
Quinby, J. R. 1963• Manifestations of hybrid vigor in sor­
ghum. Crop Science 3:288-291. 
Quinby, J. R. 1964. Multiple allelic series for height and 
maturity in sorghum. Agronomy Abstracts 1964:82. 
Quinby, J. R. and Karper, R. E. 1945. The inheritance of 
three genes that influence time of floral initiation and 
maturity date in milo. American Society of Agronomy 
Journal 37:916-936. 
Quinby, J. R. and Karper, R. E. 1946. Heterosis in sorghum 
resulting from the heterozygous condition of a single 
gene that affects duration of growth. American Journal 
of Botany 33:716-721. 
Quinby, J. R. and Karper, R. E. 1948. The effect of differ­
ent alleles on the growth of sorghum hybrids. American 
Society of Agronomy Journal 40:255-259. 
Quinby, J. R. and Karper, R. E. 195^- Inheritance of height 
in sorghum. Agronomy Journal 46:211-216. , 
Quinby, J; R. and Karper, R. E. I96I. Inheritance of dura­
tion of growth in the milo group of sorghum. Crop 
Science 1:8-10. 
Quinby, J. R., Kramer, N. W., Stephens, J. C., Lahr, K. A. 
and Karper, R. E. 1958. Grain sorghum production in 
Texas. Texas Agricultural Experiment Station Bulletin 
912. 
Quinby, J. R. and Martin, J. H. 1954. Sorghum improvement. 
Advances in Agronomy 6:305-359. 
Richey, F. D. 1946. Hybrid vigor and corn breeding. 
American Society of Agronomy Journal 38:833-841. 
Richey, F. D. and Sprague, G. F. 1931. Experiments on hy­
brid vigor and convergent improvement in corn. United 
States Department of Agriculture Technical Bulletin 267. 
Schuler, J. F. 195^. Natural mutations in inbred lines of 
maize and their heterotic effect. I. Comparison of 
parent, mutant and their F. hybrid in a highly inbred 
background. Genetics 39:908-922. 
Shull, G. H. 1914. Duplicate genes for capsule-form in Bursa 
bursa-pastoris. Zeitschrift fur Induktive Abstammungs-
und Vererbungslehre 12:97-149. 
110 
Sleglinger, J. B. 1921. Cross-pollination of milo in adjoin­
ing rows. American Society of Agronomy Journal 13:280-
282. 
Sieglinger, J. B. 1936. Leaf number of sorghum stalks. 
American Society of Agronomy Journal 28:636-642. 
Sieglinger, J. B. and Martin, J. H. 1939. Tillering ability 
of sorghum varieties. American Society of Agronomy 
Journal 31:47^-488. 
Smith, H. H. 1944. Recent studies on inheritance of quanti­
tative characters in plants. Botanical Review 10: 
349-382. 
Sprague, G. F. I962. Heterosis: a review of theories 
and current concepts. Agronomy Abstracts 1962:76. 
Sprague, G. P. and Tatum, L. A. 1942. General vs. specific 
combining ability in single crosses of corn. American 
Society of Agronomy Journal 34:923-932. 
Stephens, J. C. and Holland, R. F. 195^' Cytoplasmic male-
sterility for hybrid sorghum seed production. Agronomy 
Journal 46:20-23. 
Stephens, J. C., Kuykendall, G. H. and George, D. W. 1952. 
Experimental production of hybrid sorghum seed with a 
three-way cross. Agronomy Journal 44:369-373. 
Stephens, J. C. and Quinby, J. R. 1952. Yield of a hand-
produced hybrid sorghum. Agronomy Journal 44:231-233. 
Stickler, F. C. and Pauli, A. W. I96I. Leaf removal in grain 
sorghum. I. Effects of certain defoliation treatments 
on yield and components of yield. Agronomy Journal 53: 
99-102. 
Suneson, C. A. 1962. Hybrid barley promises high yields. 
Crop Science 2:410-411. 
Suneson, C. A. and Riddle, 0. C. 1944. Hybrid vigor in 
barley. American Society of Agronomy Journal 36:57-61. 
Swanson, A. F. 1941. Relation of leaf area to grain yield 
in sorghum. American Society of Agronomy Journal 33 : 
908-914. 
Ill 
Whaley, W. G. 1944. Heterosis. Botanical Review 10:46l-
498. 
White, T. G. and Richmond, T. R. 1963- Heterosis and com­
bining ability in top and diallel crosses among primi­
tive, foreign and cultivated American Upland cottons. 
Crop Science 3:^8-63. 
Whitehead, W. L. 1962. The breeding behavior of pheno-
typically diverse grain sorghum varieties in hybrid 
combinations. Microfilm copy, unpublished Ph.D. 
thesis, Purdue University, Lafayette, Indiana. _Ànn 
Arbor, Michigan, University Microfilms. 
Wing, M. A. 1961. The relation of F, and generations of 
sorghum hybrids for yield and other agronomic characters. 
Unpublished M.S. thesis. Lincoln, Nebraska, Library, 
The University of Nebraska. 
112 
ACKNOWLEDGMENTS 
The author wishes to express sincere appreciation to his 
major professor, Dr. R. E. Atkins, for his very helpful sug­
gestions and encouragement throughout the course of the study 
and the preparation of this dissertation. Thanks are extended 
to Dr. F. B. Cady and Dr. G. R. Johnson for their help with 
the statistical analyses applied to the data, and to Mrs. Mary 
Clem and the Computing Center of the Iowa State University 
Statistical Laboratory for the processing of the data. 
Grateful acknowledgment is extended to the Iowa State 
University Agronomy Department for the facilities which made 
this research possible. 
Appreciation also is expressed to Mrs. Kay Baker for 
typing the manuscript, and to all others who assisted in some 




Table 23. Individual plant means for l4 characters of 4 B 
lines, 6 R lines and 24 hybrids of grain sor­




stage Length Width Area 
B lines (cm. ) (no. ) (cm. ) (cm. ) (sq. cm.) 
• Reliance 54.8 11.24 54.2 6.8  279 
Martin 56.7 11.33 71.7 8.0  433 
Kafir 6o 53.8 11.10 62.0  7.4 349 
Wheatland 46.5 11.11 76.5 8.3 476 
R lines 
Norghum 53.5 11.67 56.3 5.9 251 
Tx. 7073 50.9 11.16 66.0 7.8 386 
Tx. 04 53.5 11.16 71.2 7.6 4o3 
Redbine < So 51.8 11.25 • 75.8 8.2  465 
Plainsman 52.7 11.37 77.0 • 8.4 487 
Caprock 52.8 11.38 85.0 9.4 605 
Hybrids 
62.2  #8.8 Reliance X Norghum 12.39 7.0 311 
II X Tx. 7078 57.4 11.77 66.6 8.2  412 
II X Tx. 04 61.4 11.70 75.5 8.8  499 
If X Redbine 60 61.4 11.91 73.3 3.7 482 
II X Plainsman 59.2 11.77 77.1 8.8  509 
II X Caprock 56.4 11.57 79.1 9.4 
Martin x Norghum 64.3 11.93 73.0 8.2  449 
" X Tx. 7078 54.4 11.29 70.5  3.5 453 
" X Tx. 04 55.2 11.40 71.0 7.3 419 
" X Redbine 60 55.7 11.46 75.9 3.5 435 
" X Plainsman 55.6 11.50 71.3 7.3 419 
" X Caprock 55.9 11.44 76.3 8.6  493 
Kafir 60 X Norghum 60.8 11.93 67.3 8.0  4o6 
It X Tx. 7078 56.0 11.16 68.6 8.7 447 
If X Tx. 04 55.9 11.11 69.0  3.0 4l6 
fl X Redbine 60 55.2 11.01 73.3 8.6  473 
fl X Plainsman 53.1 11.12 68.7  8.0 411 
If X Caprock 58.5 11.39 72.0 8.8  480 
Wheatland x Norghum 56.9 11.70 78.9 8.7 513 
II X Tx. 7073 46.6 10.94 72.0 8.4 454 
II X Tx. 04 50.9 11.03 74.4 7.6 426 
II X Redbine 60 48.3 11.01 78.5 8.3 491 
II X Plainsman 51.3 11.36 75.9 8.4 474 
If X Caprock 55.0 11.73 85.2 9.4 600 
lsd.05' (all entries) 5.4 0.50 3.0 0.5 40 
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Table 23 (Continued) 
Number Mature Days tl 
of Stalk plant mid-
Entry leaves diameter height bloom 
B lines (32nds in.) ( in. ) (no. 
Reliance 12.5 17.1 47.6 63.3 
Martin 17.3 23.6  47.0 74.9 
Kafir 6o 17.9 22.5 47.4 76.5 
Wheatland 18.9 27.1 41.6 80.7  
R lines 
Norghum 12.7 16.6 44.0 63.5 
Tx. 7078 16.5 23.0  37.4 73.2 
Tx. 04 18.4 24.9 45.7 76.5 
Redbine 60 17.5 24.3 50.8 74.8 
Plainsman 17.0 26.0  38.9 76.1 
Caprock 17.2 25.2  44.4 78.1 
Hybrids 
18.0 62.5 Reliance X Norghum 13.3 51.7 
tl X Tx. 7078 14.6 20.9  54.8 66.9  
II X Tx. 04 15.1 22.3 59.2 68.6 
II X Redbine 60 14.7 21.5 59.4 . 67.3 
If X Plainsman 16.2 23.8 54.8 71.6 
II X Caprock 15.9 23.5 58.5 71.8 
Martin x Norghum 14.5 19.9 60.8 66.6 
" X Tx. 7078 16.8  24.1 45.3 73.4 
" X Tx. 04 17.7 24.3 47.2 75.7 
" X Redbine 60 17.1 24.8 49.9 73.9 
" X Plainsman 17.9 25.9 44.0 75.9 
" X Caprock 17.5 25.1 48.9 75.3 
Kafir 60 X Norghum 14.3 19.7 58.8 65.7 
II X Tx. 7073 15.9 22.8 46.8 71.9 
II X Tx. 04 17.2 23.9 50.2 74.5 
II X Redbine 60 16.4 23.6 49.8 73.1 
II X Plainsman 17.4 24.7 43.7 75.7 
tl X Caprock 16.9  24.3 46.7 74.4 
Wheatland : X Norghum 15.3 21.6 57.1 69.5  
II X Tx. 7078 18.0 27.0 42.6 77.8 
If X Tx. 04 19.0 27.1 48.5 79.2 
If X Redbine 60 18.3 26.5  48.3 77.5 
If X Plainsman 18.2 27.4 41.4 77.8 
II X Caprock 17.3 26.2  45.1 76.1  
^si>.05 (all entries) 0.6 1.1 2.1 1.6 
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Table 23 (Continued) 
Seeds Heads 100 
Per Per per seed Grain 
Entry plant head plant weight yield 
B lines (no. ) (no. ) (no. ) (gms.) (gms. 
Reliance 1348 1.6 2.51 50.8 
Martin 3353 2733 1.3 2.64 86.2  
Kafir 60 3124 2372 1.4 2.93 91.8 
Wheatland 2881 2112 1.5 3.10 88 .0  
R lines 
Norghum 3138 1111 2.9  2 .27  71.8 
Texas 7078 4119 2012 2.1 2.23  91.7 
Texas 04 3348 2572 1.4 2.82  93.6 
Redbine 6o 3180 2234 1.5 2.82  90 .2  
Plainsman 4565 2244 2.1 2.23 103.8 
Caprock 4174 2877 1.5 2.46 103.9 
Hybrids 
2.67  Reliance X Norghum 3033 1199 2.6  79 .8  
ft X Tx. 7078 3651 2371 1.6 2.62  95.9 
fl X Tx. 04 3765 2539 1.6 2.61 99.6 
II X Redbine 60 3556 2148 1.8 2.85 102.0 
II X Plainsman 4l04 2621 1.7 2.64 108.0 
fl X Caprock 4o84 2904 1.5 2.82 114.5 
Martin x Norghum 3500 1557 2.4 2.86 100.1 
" X Tx. 7078 4038 2653 1.6 2.35 96.5 
" X Tx. 04 3592 2482 1.6 2.75 96.7 
" X Redbine 60 3629 2725 1.4 2.75 99.8 
" X Plainsman 4311 25I8 1.8 2.37 103.4 
" X Caprock 4526 2842 1.7 2.47 113.9 
Kafir 6o X Norghum 3404 1766 2.1 2.90 98.2  
" X Tx. 7078 4441 2573 1.8 2.52 114.0 
" X Tx. 04 3842 2699 1.5 2.78 106.5 
'• X Redbine 60 3899 2510 1.6 2.87  112.1 
" X Plainsman 4168 2555 1.7 2.61 108.5 
X Caprock 4788 2931 1.7 2.66 128.1 
Wheatland x Norghum 3882 1867 2.2 3.00 115.4 
II X Tx. 7078 4o42 2499 1.8 2.34 96.2  
If X Tx. 04 3697 2426 1.6 2.70 101.0 
It X Redbine 60 3563 2474 1.5 2.80 100.1 
If X Plainsman 4243 2412 1.9 2.19 94.4 
11 X Caprock 4271 2660 1.7 2.49 107.4 
LSD .,1 [all entries) 665 265 0.3 0.15 17.9 
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Table 24. Individual plant means for 14 characters of 4 B 
lines, 6 R lines and 24 P]_ hybrids of grain sor­
ghum, averaged over 6 replicates in 19d4 
Vegetative Leaf 
Entry • Height 
Leaf 
stage Length Width Area 
B lines (cm.) (no. ) (cm.) (cm.) (sq. cm.) 
Reliance 30.5 8.68  67.4 7.8 392 
Martin 31.6 8.58  66.9 7.1 355 
Kafir 60 29.8  8.04 61.2 6.8  313 
Wheatland 28.8  8 .49  65 .8  8 .2  405 
R lines 
Norghum 29.9 8.65 70.5 6.7 354 
Tx. 7078 29.0  7.83 63.9 7.3 351 
Tx. 04 31.3 8.56  72 .0  7.4 399 
Redbine 6o 27.5 8.12 71.6  7.7 412 
Plainsman 31.8  8 .79  70.1 7.8 409 
Caprock 28.6 8.17 74.4 8.8 492 
Hybrids 
Reliance X Norghum 35.4 8.88 72.4 7.6 414 
tt X Tx. 7078 34.4 8.68 69.6 8.3  434 
If X Tx. 04 33.4 8.97 70.3  7.9 418 
VI X Redbine 6o 32.5 8.77  75.1 8.2 462 
If X Plainsman 32.4 8.87 69.3  7.4 393 
M X Caprock 33.4 8.67  67 .7  7.5 387 
Martin x Norghum 37.2 9.35 76.9  7.9 459 
•• X Tx. 7078 31.3 8.17 68.3 7.7 397 
" X Tx. 04 30.7 8.51 69.9  7.2 377 
" X Redbine 6o 30.6 8.37 70.5 7.5 399 
" X Plainsman 32.9  8.69 67.6 7.4 379 
" X Caprock 33.6 8.74 69.0  7.4 384 
Kafir 60 X Norghum 35.9 8.93 73.7 8.0 44o 
" X Tx. 7078 33.8 8.47 64.5 7.7 373 
" X Tx. 04 33.2 8.62  65.5 7.4 364 
" X Redbine 60 29.5 8.16  66.7 7.5 376 
" X Plainsman 31.3 8.21 64.2 7.3 354 
" X Caprock 32.9  8.50 66.5 7.9 394 
Wheatland x Norghum 34.1 8.89 75.8 7.5 431 
11 X Tx. 7078 32.4 8.53 65.5 7.8 385 
II X Tx. 04 30.4 8.41 69.2  7.7 399 
II X Redbine 6o 29.6  8.58 70.2  7.8 409 
It X Plainsman 30.9  8.65 66.8 7.7 386 
II X Caprock 30.3  8.40 68.4 7.9 407 
(all entries) 2.7 0.39 2.5 0.5 36 
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Table 2k (Continued) 
Number Mature Days to 
of Stalk plant mid-
Entry leaves diameter height bloom 
B lines (32nds in.) (in. ) (no. 
Reliance I k  • 5 20.7 45 .0 69. 0 
Martin 19 .2 24.9 49 .1 81. 3 
Kafir 60 19 .0 23.5 47 .4 84. 3 
Wheatland 20 .9 29.0 4o .9 89. 7 
R lines 
Norghum 15 .  6 19.9 41 .  6 71. 5 
Tx. 7078 17 .9 25.0 39 .3 81. 3 
Tx. 04 19 .8 26.6 46 .7 84. 5 
Redbine 60 19 .1 26.5 50 .8 82. 8 
Plainsman 19 .8 28.5 36 .0 85. 5 
Caprock 20 .3 27.2 47 .2 92. 9 
Hybrids 
Reliance x Norghum 
X Tx. 7078 
X Tx. 04 
X Redbine 60 
X Plainsman 
X Caprock 
Martin x Norghum 
" X Tx. 7078 
" X Tx. 04 
" X Redbine 60 
" X Plainsman 
" X Caprock 
Kafir 60 x Norghum 
X Tx. 7078 
" X Tx. 04 
" X Redbine 60 
" X Plainsman 
" X Caprock 
Wheatland x Norghum 
" X Tx. 7078 
•' X Tx. 04-
" X Redbine 60 
" X Plainsman 
" X Caprock 
LSD Q^(all entries) 
14.5 19.8 47.8 68.0 
16.5 23.8 53.2 72.7 
17.9 24.0 57.3 75.8 
17.0 24.2 58.0 73.7 
18.2 24.5 53.4 77.0 
18.5 25.5 63.1 78.7 
17.1 22.2 56.6 73.1 
18.2 26.3 46.0 79.8 
19.8 25.9 48.6 84.8 
18.7 26.1 51.0 80.5 
19.9 27.1 45.9 83.4 
20.1 26.7 52.1 85.2 
16.8 22.6 58.1 72.4 
17.8 25.6 47.7 77.7 
19.1 25.2 50.7 81.2 
18.7 23.5 48.9 81.5 
18.8 26.7 43.0 82.0 
19.1 27.0 48.7 82.7 
18.9 24.5 58.9 76.3 
19.9 28.5 44.6 85.2 
20.6 28.2 46.7 87.8 
20.4 28.3 48.3 86.4 
20.7 29.5 41.6 87.9 
20.4 27.8 47.4 89.2 
0.5 1.3 1.8 1.7 
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Table 24 (Continued) 
Seeds Heads 100 
Per Per per seed Grain 
Entry plant head plant weight yield 
B lines (no. ) (no. ) (no. ) (gms.) (gms.) 
Reliance 1715 1351. 1.4 2.56 43.8 
Martin 2684 2095 1.4 2.69 71.6 
Kafir 6o 2355 2078 1.2 2.79 65 .6 
Wheatland 2509 2041 1.3 2.82 70.2 
R lines 
Norghum 3124 1313 2.5 2.22 68.7 
Tx. 7078 2962 1833 1.7 2.34 69.1 
Tx. 04 2754 2336 1.2 2.61 71.8 
Redbine 60 2570 1936 1.4 2.80 72.1 
Plainsman 2982 2508 1.3 2.28 67.5 
Caprock 3396 2972 1.2 2.34 78.4 
Hybrids 
1174 2.54 65.7 Reliance x Norghum 2579 2.4 
" X Tx. 7078 2854 2011 1.5 2.88 81.6 
" X Tx. ok 2655 2050 1.4 2.94 77.8 
" X Redbine 60 2400 1782 1.5 2.99 72.0 
" X Plainsman 2686 1909 1.5 2.84 75.9 
" X Caprock 2722 1920 1.5 3.17 85.0 
Martin x Norghum 2962 1826 1.7 2.68 79.2 
" X Tx. 7078 3550 2277 1.7 2.52 88.2 
" x Tx. 04 2898 2349 1.3 2.58 74.7 
" X Redbine 60 2604 2173 1.2 2.88 74.6 
" X Plainsman 3370 2489 1.4 2.40 80.3 
" X Caprock 3141 2547 1.3 2.71 85.4 
Kafir 60 x Norghum 2888 1966 1.6 2.78 79.3 
" ^ X Tx. 7078 3284 2297 1.5 2.68 86.8 
" X Tx. 04 2911 2209 1.4 2.82 80.5 
" X Redbine 60 2839 2202 1.3 2.91 82.8 
" X Plainsman 2708 2295 1.3 2.77 74.7 
" X Caprock 2820 2553 1.1 3.05 85.0 
Wheatland x Norghum 3005 1950 1.6 2.86 84.9 
X Tx. 7078 3490 2079 1.8 2.52 87.8 
" X Tx. 04 2513 2357 1.1 2.89 72.0 
" X Redbine 60 2981 2245 1.4 2.89 85.7 
" X Plainsman 3153 2564 1.3 2.46 76.5 
" X Caprock 2913 2509 1.2 2.72 79.6 
LSD Q^(all entries) 389 229 0.3 0.15 9.8 
Table 25. Average vegetative height in centimeters for each parent and F-, hybrid 
and means of the hybrids by parlent s, 1963-64 



















Reliance 48.8 45.9 47.4 47.0 45.8 44.9 46.6 42.7 
Martin 50.8 42.9 42.9 43.1 44.3 44.7 44.8 44.1 
Kafir 60 48.3 44.9 44.6 42.3 42.2 45.7 44.7 41.8 
Wheatland 45.5 39.5 40.6 38.9 41.1 42.6 41.4 37.7 
Means of 
hybrids 48.4 43.3 43.9 42.8 43.4 44.5 
Means of 
male parents 41.7 39.9 42.4 39.6 42.2 40.7 




parents, 41.6; male parents , 41.1; 
Individual hybrids and parents 
hybrids by males, 3.0 
, 4.2; hybrids by females, NS 5 
Table 26. Average vegetative leaf stage (number of leaves) for each parent and 
hybrid and means of the hybrids by parents, 1963-64 
Male parents ; Means Means of 
Female Nor- Texas Texas Redblne Plains- Cap- of female 
parents ghum 7078 60 man rock hybrids parents 
Reliance 10.64 10.23 10.33 10.34 10.32 10 .12 10 .33 9.96 
Martin 10.66 9.73 9.96 9.91 10.09 10.09 10 .07 9.96 
Kafir 60 10.43 9.81 9.86 9.58 9.66 9.94 9 .88 9.57 
Wheatland 10.30 9.73 9.72 9.80 10.01 10.09 9 .94 9.80 
Means of 
hybrids 10.51 9.88 9.97 9.91 10.02 10.06 
Means of 
male parents 10.16 9.49 9.86 9.69 10.08 9.78 
Grand mean hybrids, 10 .06; female parents, 9 .82 ;  male parents, 9.84; 
all parents, 9.835 
LSD individual hybrids and parents, 0.39; hybrids by females, NS; 
• ^ hybrids by males, 0.20 
Table 27. Average leaf length in centimeters for each parent and F-, hybrid and 
means of the hybrids by parents, 1963-64 
Male parents Means Means 
Female Nor- Texas Texas Redbine Plains- Cap- of female 
parents ghum 7078 04 60 man rock hybrids parents 
Reliance 65.6 68.1 72.9 74.2 73.2 73.4 71 .2 60. 8 
Martin 75.0 69.4 70.4 73.2 69.5 72.7 71 .7 69. 3 
Kafir 60 70.5 66.5 67.3 70.0 66. k 69.2 68 .3 61. 6 
Wheatland 77.3 68.7 71.8 74.3 71.3 76.8 73 .4 71. 1 
Means of 
hybrids 72.1 68.2 70 .6 72.9 70.1 73.0 
Means of 
male parents 63 • 4- 65.0 71.6 73.7 73^6 79.7 
Grand mean hybrids, 71.2; 
all parents, 09 
female 
.0 
parents, 65•7 ; male parents, 71 .2;  
LSD individual hybrids and parents, NS; hybrids by females, NS; 
* ^ hybrids by males, NS 
Table 28. Average leaf width In centimeters for each parent and F-. hybrid and 
means of the hybrids by parents, 1963-6^ 



















Reliance 7.3 8.3 8.3 8.4 8.1 8.4 8.1 7.3 
Mart in 8,0 8.1 7.5 8.0 7.6 8.0 7.9 7.5 
Kafir 6o 8.0 8.2 7.7 8.1 7.6 8.3 8.0 7.1 
Wheatland 8.1 8.1 7.6 8.0 8.0 8.6 8.1 8.2 
Means of 
hybrids 7.9 8.2 7.8 8.1 7.8 8.3 
Means of 
male parents 6.3 7.5 7.5 7.9 8.1 9.1 
Grand mean hybrids , 8.0; female parents, ? .5 ; male parents, 7.7; 
LSD 
.05 individual hybrids and parents, 0.9; hybrids by females, 0.1; hybrids by males, NS 
Table 29. Average leaf area in square centimeters for each parent and F. hybrid 
and means of the hybrids by parents, 1963-6^ 



















Reliance 362 423 459 472 451 472 440 336 
Martin 425 398 442 399 438 426 394 
Kafir 60 ^2] 410 390 425 383 437 411 331 
Wheatland 474 420 413 450 430 504 448 44o 
Means of 
hybrids 428 '419 415 447 4l6 463 
Means of 
male parents 303 368 4o4 439 448 548 . 




parents, 375 ; male parents, 418; 
LSD 
.05 
individual hybrids and parents, 98; hybrids by females, NS; 
hybrids by males, NS 
Table 30. Average number of leaves for each parent and P-j hybrid and means of 
the hybrids by parents, 1963-64 
_ Male parents Means Means of 
Female Nor- Texas Texas Redbine Plains- Cap- of female 
parents ghum 7078 04 60 man rock hybrids parents 
Reliance 13.9 15.5 16.5 15.8 17 .2 17.2 16 .0 13 .5 
Martin 15.8 17.5 18. 7 17.9 18 .9 18.8 17 .9 18 .3 
Kafir 60 15.5 16.9 18.2 17.5 18 .1 18.0 17 .4 18 .4 
Wheatland 17.1 19.0 19.8 19.3 19 .4 18.8 18 .9 19 .9 
Means of 
hybrids 15.6 17.2 18.3 17.6 18 .4 18.2 
Means of 
male parents 14.2 17.2 19.1 18.3 18 .4 18.5 
Grand mean hybrids , 17.6; female parents, 17.5; male parents, 17 • 7; 
LSD 
.05 individual hybrids and parents, 0.9; hybrids by females, 0.5;. hybrids by males, 0.6 1 
Table 31. Average stalk diameter In 32nds of an inch for each, parent and P. 
hybrid and means of the hybrids by parents, 1963-64-
Male parents ; Means Means of 
Female Nor- Texas Texas Redbine Plains- Cap- of female 
parents ghum 7078 04 60 man rock hybrids parents 
Reliance 18.9 22.4 23.1 22.8 24.2 24.5 22.7 18.9 
Martin 21.0 25.2 25.1 25.4 26.5 25.9 24.9 24.3 
Kafir 60 21.1 24.2 24.5 24.5 25.7 25.7 24.3 23.0 
Wheatland 23.1 27.7 27.6 27.4 28.4 27.0 26.9 28.0 
Means of 
hybrids 21.0 24.9 25.1 25.0 26.2 25.8 
Means of 
male parents 18.3 24.0 25.7 25.4 27.2 26.2 
Grand mean hybrids, 24^7; female parents, 23.6; male parents, 24.5; 
all parents, 24.1 
LSD «c; individual hybrids and parents, 1.0; hybrids by females, 0.5; 
' ^ hybrids by males, 0.8 
Table 32. Average mature plant height in inches for each parent and P. hybrid and 
means of the hybrids by parents, 1963-64 
Male parents Means Means of 
Female Nor- Texas Texas Redbine Plains- Cap- of female 
parents ghum 7 0 7 8  04 60 man rock hybrids parents 
Reliance 49.7 54.0 58.3 58.2 54.1 60.8 55.9 46.3 
Martin 58.7 45.6 47.9 50.4 45.0 50.5 49.7 48.1 
Kafir 60 58.4 47.3 50.4 49.4 43.3 47.7 49.4 4? .4 
Wheatland 58.0 43.6 47.6 48.3 41.5 46.2 47.5 41.3 
Means of 
hybrids 56.2 47.6 51.1 51.6 46.0 51.3 
Means of 
male parents 42.8 38.3 46.2 50.8 37.4 45.8 
Grand mean hybrids, 50.6; female parents, 4^.8; male parents, 43-6; 
all parents, 44.4 
LSD individual hybrids and parents, 3.0; hybrids by females, 1.6; 
hybrids by males, 2.9 
Table 33. Average number of days to mid-bloom for each parent and P-, hybrid and 
means of the hybrids by parents, 1963-64 



















Reliance 65 .2 69.8 72.2 70.5 74.3 75.3 71.2 66.1 
Mart in 69.8 76.6 80.3 77.2 79.7 80.2 77.3 78.1 
Kafir 6o 69.0 74.8 77.8 77.3 78.8 78.5 76.0 80.4 
Wheatland 72.9 81.5 83.5 82.0 82.8 82.6 80.9 85.2 
Means of 
hybrids 69.2 75.7 78.5 76.8 78.9 79.2 
Means of 
male parents 67.5 77.2 80.5 78.8 80.8 85.5 
Grand mean hybrids, 76.4; 
all parents, 78 
female 
.0 
parents, 77.5; male parents , 78.4; 
LSD 
.05 individual hybrids and parents, 2.9; hybrids by females, 2.8; hybrids by males, 2.1 
Table 34. Average number of seeds per plant for each parent and P, hybrid and 
means of the hybrids by parents, 1963-64 



















Reliance 2806 3253 3210 2978 3395 3403 3174 1880 
Martin 3231 3794 3245 3117 3841 3833 3510 3018 
Kafir 6o 3146 3863 3377 3369 3438 38o4 3500 2740 
Wheatland 3443 3766 3105 3272 3698 3592 3479 2695 
Means of 
hybrids 3157 3669 3234 3184 3593 3658 
Means of 
male parents 3131 3541 3051 2875 3773 3785 
Grand mean hybrids, 34l6; female 
all parents, 3049 
parents, 2583 ; male parents , 3359; 
LSD 
.05 individual hybrids and parents, 6o4; hybrids by females, NS; hybrids by males, NS 
Table 35» Average number of seeds per head for each parent and P, hybrid and 
the means of the hybrids by parents, 1963-64 



















Reliance 1186 2191 2294 1965 2265 2412 2052 1349 
Martin 1691 2465 24I6 2449 2503 2695 2370 2414 
Kafir 6o 1866 2435 2454 2356 2425 2742 2380 2225 
Wheatland 1909 2289 2391 2359 2488 2585 2337 2077 
Means of 
hybrids 1663 2345 2389 2282 2420 2609 
Means of 
male parents 1212 1922 2454 2085 2376 2925 
Grand mean hybrids, 2285 > female 
all parents, 2104 
parents, 2016; male parents, 2162; 
LSD individual hybrids and parents, 4l6; hybrids by females, NS; 
^ hybrids by males, 376 
Table 36. Average number of heads per plant for each parent and F. hybrid and 
the means of the hybrids by parents, 1963-64 
Male parents Means Means of 
Female Nor- T e x a s  T e x a s  Redbine Plains- Cap- of female 
parents ghum 7078 60 man rook hybrids parents 
Reliance 2.5 1.6 1-5 1.6 1.6 1.5 1.7 1.5 
Martin 2.0 1.6 l.lt- 1.3 1.6 1.5 1.6 1.3 
Kafir 6o 1.8 1.7 1.4 1.5 1.5 1.4 1.6 1.3 
Wheatland 1.9 1.8 1.4 1.5 1.6 1.4 1.6 1.4 
Means of 
hybrids 2.1 1.7 1.4 1.5 1.6 1.5 
Means of 
male parents 2.7 1.9 1.3 1.5 1.7 1.4 
Grand mean hybrids , 1.6; female 
-, 
parents, 1.4; male parents, 1.8; 
all parents, 1.6 
LSD _^ individual hybrids and parents, 0.3; hybrids by females, NS; 
* ^ hybrids by males, 0.26 
Table 37» Average weight of 100 seeds in grams for each parent and P-. hybrids 
and the means of the hybrids by parents, 1963-64 
Male parents Means Means of 
Female Nor- Texas Texas Redbine Plains­ Cap- of female 
parents ghum 7078 04 60 man rock hybrids parents 
Reliance 2.60 2.75 2.77 2.92 2.74 3.00 2.80 • 2.53 
Martin 2.77 2.44 2.66 2.82 2.38 2.59 2.61 2.66 
Kafir 60 2.84 2.60 2.80 2.89 2.69 2.85 2.78 2.87 







2.79 2.56 2.76 2.87 





hybrids, 2.7I; female parents, 2.76; male parents, 2.45; 
all parents, 2.57 
individual hybrids and parents, 0.25; hybrids by females, NS; 
hybrids by males, NS 
H AjJ 
N 
Table 38. Average grain yield in grams per plant for each parent and P. hybrid 
and the means @f the hybrids by parents, 1963-64 
Male parents Means Means of 
Female Nor- Texas-' Texas Redbine Plains- Cap- of female 
parents ghum 7078 04 60 man rock hybrids parents 
Reliance 72.8 88.7 88.7 87.0 91.9 99.8 88 .2 47 .3 
Martin 89.6 92.3 85.7 87.2 91.9 99.7 91 .1 78 .9 
Kafir 60 88.7 100.4 93.5 97.5 91.6 106.5 96 .4 78 .7 
Wheatland 100.1 92.0 86.5 92.9 85 .4 93.5 91 .7 79 .1 
Means of 
hybrids 87.8 93.4 88.6 91.2 90.2 99.9 
Means of 
male parents 70.2 80.4 82.7 81.1 85.7 91.2 
Grand mean hybrids, 91.8; 
all parents, 77 
female 
• 5 
parents, 71.O; male parents, 81 • 9; 
LSD individual hybrids and parents, 12.7; hybrids by females, NS; 
• ^ hybrids by males, NS 
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Table 39. Mean squares from analysis of variance of plot 
means from original plant measurements for P.. 
experiment, 19o3 and 1964 
Degrees Vegetative 
Source of of Leaf Leaf 
variation freedom Height stage length 
1963 
Replicates 5 884.25 5. 67 22. 38 
Entries 33 102.74** 0. 69** 290. 99** 
Parents 9 43.37* 0. 18 579. 32** 
Between females 3 118.46** 0. 08 594. 39** 
Between males 5 6.50 0. 23 588. 
Females vs. males 1 2.47 0. 27 485. 81** 
Hybrids 23 108.74** 0. 84** 169. 15** 
General females 3 416.60** 2. 50** 381. 34** 
General males 5 160.51** 1. 73** 273. 62** 
Specific fxm 15 29.91 0. 21 91. 89** 
Parents vs . hybrids 1 498.97** 1. 
CO ON 16** 
Pooled error 165 22.39 0. 20 6. 82 




Replicates 5 57 .36 1 • 58 39 .75 
Entries 33 29 .63** 0 .57** 77 .85** 
Parents 9 12 .04* 0 .63** 99 .26** 
Between females 3 8 .43 0 .48** 47 .71** 
Between males 5 15 .93* 0 .81** 74 .97** 
Females vs. males 1 3 .44 0 .12 375 .36** 
Hybrids 23 24 .27** 0 .47** 71 .22** 
General females 3 33 .20** 0 .68** 110 .55** 
General males 5 70 .51** , 0 .99** 211 .61** 
Specific fxm 15 7 .07 0 .26** 16 .56** 
Parents vs . hybrids 1 311 .20** 2 .31** 37 .60** 
Pooled error 165 5 .49 0 .12 4 .92 
(Coeff. of variation, % )  (7 .37) (4 .06) (3 .21) 
value exceeds the 5^ level of probability, 
value exceeds the 1% level of probability. 
Table 39 (Continued) 
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Degrees Number 
Source of of Leaf of 
variation freedom Width Area leaves 
1963 
Replicates 5 0.32 820 2.68 
Entries 33 3.07** 34,834** 17.28** 
Parents 9  5.33** 65,575** 29.15** 
Between females 3 2.47** 46,176** 48.91** 
Between males 5 7.93** 83,256** 23.10** 
Females vs. males 1 0.90* 35,365** 0.13 
Hybrids 23 1.68** 20,069** 13.36** 
General females 3 0.48* 19,809** 46.43** 
General males 5 3.55** 38,669** 29.95** 
Spe="l<=fxm 15 1.29** 13,921** 1.22** 
Parents vs. hybrids 1 14.83** 97,750** 0.54 
Pooled error I65 0.17 1,224 0.26 
(Coeff. of variation, %) (5.01) (7.82) (3.08) 
1964 
Replicates 5 0.71 5,467 0.72 
Entries 33 0.98** 7,431** 16.60** 
Parents 9 2.41** 14,297** 25.26** 
Between females 3 2.42** 10,297** 44.97** 
Between males 5 2.82** 15,759** 18.13** 
Females vs. males 1 0.33 18,985** 1.75** 
Hybrids 23 0.43** 4,779** 13.93** 
General females 3 0.58* 7,277** 57.98** 
General males 5 0.54* 9,917** . 26.16** 
Speolfloj.^^ 15 0.37* 2,567** 1.04** 
Parents vs. hybrids 1 0.69 6,629* 0.07 
Pooled error 165 0.18 1,011 0.17 
(Coeff. of variation, f o )  (5.55) (8.01) (2.19) 
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Replicates 5 13 .16 12.94 70 .45 
Entries 33 47 .22** 220.76** 139 .90** 
Parents 9 74 .74** 104.60** 203 .36** 
Between females 3 103 .17** 49.69** 333 .06** 
Between males 5 70 .93** l4l.99** 166 .12** 
Females vs. males 1 8 .53** 82.37** 0 .41 
Hybrids 23 37 .69** 208.80** 118 .81** 
General females 3 116 .21** 561.63** 415 .94** 
General males 5 97 .94** 365.04** 272 .17** 
Specific 
'fxm 15 1 .91* 86.16** 8 .26** 
Parents vs . hybrids 1 18 .60** 1,541.13** 54 .04** 
Pooled error 165 0 .97 3.44 1 .89 
(Coeff. of variation, j t )  (4 .19) (3.81) (1 .89) 
1964 
Replicates 5 2.32 18.06 35.07 
Entries 33 36.14** 217.21** 228.51** 
Parents 9 56.08** 134.51** 320.81** 
Between females 3 71.89** 76.15** 462.33** 
Between males 5 54.52** 184.46** 288.69** 
Females vs. males 1 16.38** 59.86** 56.88** 
Hybrids 23 29.50** 185.27** 193.55** 
General females 3 103.16** 388.46** 765.06** 
General males 5 69.55** 274.08** 414.00** 
®P®=lfiCfxm 15 1.42 115.03** 5.77** 
Parents vs. hybrids 1 9.60** 1,696.07** 201.79** 
Pooled error I65 1.24 2.65 2.13 
(Coeff. of variation, ; t )  (4.36) (3.33) (1.81) 
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Between females 3 
Between males 5 
Females vs. males 1 
Hybrids 23 
General females 3 
General males 5 
Speolfloj,^^ 15 
Parents vs. hybrids 1 



































(Coeff. of variation, (15.61) (10.03) 
1964 
Replicates 5 879,790 89,803 
Entries 33 785,958** 840,983** 
Parents 9 1,306,113** 1,491,442** 
Between females 3 1,072,209** 780,952** 
Between males 5 495,210** 2,023,711** 
Females vs. males 1 6,062,335** 961,568** 
Hybrids , 23 536,545** 601,045** 
General females 3 1,311,920** 1,943,354** 
General males 5 1,077,762** 1,290,825** 
Specificfxm 15 201,064 102,657** 
Parents vs. hybrids 1 1,841,065** 505,416** 
Pooled error 165 118,206 41,164 
(Coeff. of variation, j t )  (12.05) (9.55) 
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Table 39 (Continued) 
Degrees Heads 100 
Source of of per seed Grain 
variation freedom plant weight yield 
1963 
Replicates 5 2.02 0.28 2,605 
Entries 33 0.75** 0.34** 1,152** 
Parents 9 1.50** 0.58** 1,475** 
Between females 3 0.10 0.45** 2,185** 
Between males 5 1.97** 0.47** 835** 
Females vs. males 1 3.40** 1.52** 2,548** 
Hybrids 23 0.49** 0.25** 564** 
General females 3 0.05 0.19** • 911* 
General males 5 1.89 0.73** 942** 
Speoifloj,^^ 15 0.11 0.10** 369 
Parents vs. hybrids 1 0.07 0.09* 11,747** 
Pooled error I65 0.09 0.02 251 
(Coeff. of variation, % )  (17.33) (5.04) (16.00) 
1964 
Replicates 5 0.49 0.13 794 
Entries 33 0.54** 0.31** 461** 
Parents 9 0.91** 0.32** 502** 
Between females 3 0.05 0.09** 1,006** 
Between males 5 1.42** 0.30** 93 
Females vs. males 1 0.94** 1.16** 1,035** 
Hybrids 23 0.42** 0.23** 202** 
General females 3 0.48** 0.50** 203* 
General males 5 1.15** 0.41** 403** 
SpeoiflCfxm 15 0.16** 0.11** 134* 
Parents vs. hybrids 1 0.00 2.15** 6,054** 
Pooled error J.65 0.05 0.02 75 
(Coeff. of variation, % )  (15.42) (4.81) (11.37) 
Table . Mean squares from combined analysis of variance of plot means from 
original plant measurements for 1963 and experiments 
Degrees Vegetative Leaf 
Source of of Leaf 
variation freedom Height stage Length Width 
Years 1 55,594.02** 839.65** 889.13** 33.67** 
Reps, vj/in years 10 470.80 3.63 31.06 0.52 
Entries 33 106.64** 1.04** 222.73 2.97** 
Parents 9 40.86 0.55 • 451.61 6.56** 
Between females 3 92.55 0.41 332.16 2.87 
Between males 5 16.83 0.74 442.08 9.85* 
Females vs. males 1 5.87 0.01 857.61* 1.16 
Hybrids 23 102.28** 1.09** 125.26 1.23 
General females 3 342.35 2.84 318.48 1.05** 
General males 5 198.07* 2.58** 170.33 2.38 
SPeolfl-fxm 15 22.34 0.24 71.59 0.88 
Parents vs. hybrids 1 799.14 4.21* 404.74 10.94 
Entries x years 33 25.72** 0.23 146.10** 1.08** 
Parents x years 9 14.56 0.26 226.97** 1.19** 
Females x years 3 34.33 0.15 309.95** 2.02** 
Males X years 5 5.60 0.30 221.86** 0.91** 
(Females vs. males) X years 1 0.04 0.38 3.56 0.07 
Hybrids x years 23 30.73** 0.22 115.12** 0.88** 
General^ x years 3 107.45** 0.33 173.40** 0.01 
General^ x years 5  32.94* 0.14 314.91** 1.71** 
Speclfic^^^ X years 15 14.64 0.23 36.86** 0.78** 
(Parents vs. hybrids) X years 1 11.03 0.01 131.02** 4.57** 
Pooled error 330 13.94 0.16 5.87 0.17 
(Coeff. of variation, %] 1 (8.59) (3.98) (3.43) (5.28) 
*P value exceeds the 5% level of probability, 
value exceeds the 1% level of probability. 
Table 4o (Continued) 
Degrees Number Mature 
Source of of Leaf of Stalk plant 
variation freedom area leaves diameter height 
Years 1 261,197** 460.59** 4o6.6o** 1.48 
Reps. w/in years 10 3,144 1.70 7.74 15.50 
Entries 33 28,412* 32.83** 81.98** 424.96** 
Parents 9 62,479* 53.00** 128.97** 226.15** 
Between females 3 32,642 93.31** 171121** 114.30* 
Between males 5 82,260 39.33** 124.57** 310.22** 
Females vs. males 1 53,086 0.46 24.27 141.33 
Hybrids 23 12,941 26.36** 65.97** 380.57** 
General females 3 19,248 103.63** 218.38** 941.11** 
General males 5 18,383 54.88** 165.28** 608.83** 
Speolflo^^^ 15 9,866 1.39 2.38* 192.38** 
Parents vs. hybrids 1 77,645 27.45 3,235.34* 
Entries x years 33 13,852**:. 1.0#-%* : 1.38 13.00** 
Parents x years 9 17,393** 1.41** 1.84 12.96** 
Females x years 3 23,832** 0.57* 3.85* 11.55* 
Males X years 5 16,755** 1.90** 0.88 16.23** 
(Females vs. males) x years 1 1,264 1.42** 0.64 0.90 
Hybrids x years 23 11,907** 0.93** 1.22 13.50** 
General^ x years 3 7,838** 0.78* 0.98 8.97* 
General^ x years 5 30,203** 1.23** 2.21 30.29** 
Specific^^^ X years 15 6,622** 0.87** 0.94 8.81** 
(Parents vs. hybrids) x years 1 26,734** 0.50 0.74 1.86 
Pooled error 330 1,117 0.21 1.10 3.04 
(Coefficient of variation, i )  (7.91) (2.62) (4.29) (3.58) 














Years 1 6,213 .48** 84 ,687 ,201** 4 ,763,363** 
Reps. w/in years 10 52 .76 2 ,889 ,589 343,162 
Entries 33 356 .17** 2 ,162 ,361** 1 ,941,800** 
Parents 9 506 .27** 3 ,911 ,832** 3 ,174,512** 
Between females 3 788 .75** 2 ,885 ,969* 2 ,599,961* 
Between males 5 433 .28** 1 ,841 ,399 4 ,031,21$** 
Females vs. males 1 23 .80 17 ,341 ,582 614,649 
Hybrids 23 302 .82** 1 ,076 ,i4i* : 1 ,423,620** 
General females 3 1,152 .87** 1 ,881 ,482 1 ,751,958 
General males 5 669 .59** 2 ,956 ,565 5 ,030,304* 
15 : 10 .55* 288 ,264 155,725 
Parents vs. hybrids 1 232 .34 11 ,400 ,187 2 ,765,533 
Entries 'X years 33 12 .24** 528 ,955** 250,760** 
Parents x years 9 17 .89** 577 ,261** 220,611** 
Females x years 3 6 . 64* 140 ,928 249,000** 
Males X years 5 21 .52** 861 ,4l4** 175,031** 
(Females vs. males) X years 1 33 .50** 465 ,496 363,340** 
Hybrids x years 23 9 . 54** 44o ,686** 254,659** 
General- x years 3 28 .13** 377 ,939 492,019** 
General^ x years 5 16 .59** 1 ,317 ,079** 514,763** 
Specific^^^ X years 15 3 .47* 161 ,104 120,486** 
(Parents vs. hybrids) X years 1 23 .49** 2 ,124 ,390** 432,421** 
pooled error 330 2 .01 231 ,772 48,097 
(Coeff. of variation, %] 1 (1 .85) (14 .55) (9.83) 
Table ^0 (Continued) 
Degrees Heads 100 
Source of of per seed Grain 
variation freedom plant weight yield 
Years 1 9.36* 0.45 52,190** 
Reps. w/in years 10 1.25 0.20 1,700 
Entries 33 1.15** 0.56** 1,378** 
Parents 9 2.23** 0.86** 1,700** 
Between females 3 0.10 0.46 3,001* 
Between males 5 3.16** 0.74** 576 
Females vs. males 1 3.96 2.67* 3,416 
Hybrids 23 0.78** 0.40** 558* 
General females 3 0.46 0.62 833 
General males 5 2.79** 0.87 928 
15 0.17 0.19** 380* 
Parents vs. hybrids 1 0.03 1.58 17,335 
Entries x years 33 0.14** 0.09** 235 
Parents x years 9 0.19** 0.05** 278 
Females x years 3 0 .06 0.08** 190 
Males x years 5 0.23** 0.04 352 
(Females vs. males) X years 1 0.38* 0.01 168 
Hybrids x years 23 0.13* 0.08** 208 
General^ x years 3 0.08 0.07** 282 
General^ x years 5 0.25** 0.27** 417* 







(Parents vs. hybrids) X years 1 0.04 0.67** 467 
Pooled error 330 0.07 0.02 163 
(Coeff. of variation, %\ 1 (16.60) (4.95) (14.57) 
Table 4l. Individual plant means for l4 characters of 8 parental lines, 7 F-, 
hybrids and 7 hybrids, averaged over 9 replicates in 1964 
Vegetative Number 
Gener­ Leaf Leaf of Stalk 
Entry ation Height stage Length Width Area leaves diameter 
(cm. ) (no. ) (cm. ) (cm.)( sq.cm. ) (32nds in.) 
Reliance P 38.2 9.38 66.3 7.7 381 14.3 20.6 
Martin P 40.5 9.58 65.5 6.8 336 18.9 24.8 
Kafir 6o P 38.8 9.22 59.5 6.7 298 18.8 24.2 
Wheatland P 38.5 9.87 64.0 7.4 356 20.6 29.2 
Norghura P 39.6 9.61 72.3 7.0 379 15.1 20.2 
Texas 7078 P 38.9 9.14 61.9 7.2 336 17.6 26.2 
Plainsman P 37.2 9.66 68.8 7.7 398 19.7 29.2 
Caprock P 37.9 9.31 74.1 8.8 489 20.0 28.5 
Reliance x Norghum 48.5 10.31 70.3 7.8 4l4 14.0 21.0 
" X II PI 45.2 10.00 70.4 7.6 402 14.5 21.0 
Reliance x Caprock P? 45.6 9.87 69.0 7.7 407 18.0 25.9 
" X 11 Pg 41.0 9.57 67.6 7.8 401 17.3 25.4 
Martin x Texas 7078 P? 43.8 9.51 64.3 7.3 355 18.0 26.4 
" X It Pp 39.7 9.33 63.5 7.2 345 18.3 26.5 
Kafir 6o x Texas 7078 P? 43.5 9.38 61.5 7.3 340 17.8 25.6 
" X II Pp 37.9 9.14 61.3 7.1 330 18.3 26.2 
Kafir 60 x Caprock Pi 45.9 9.67 65.5 7.6 376 18.5 27.5 
" X II Pp 40.0 9.27 62.5 7.5 352 19.3 27.4 
Wheatland x ; Norghum Pi 43.9 10.18 73.1 7.5 4l6 18.4 25.3 
" X It Pp 38.1 9.63 72.0 7 . 2  390 18.3 24.9 
Wheatland x ; Plainsman 40.7 9.84 66.6 7.7 386 20.5 31.0 
" X II 
^2 38.2 9.52 65.8 8.0 396 20.5 30.6 
Grand mean P 38.7 9.47 66.6 7.4 372 18.1 25.4 
Grand mean P. 44.6 9.^2 67.2 7.6 384 17.9 26.1 
Grand mean pi 40.0 9.49 66.2 7.5 374 18.1 26.0 
LSD (all entries) 3.0 0.31 1.7 0 . 3  21 0 . 4  1.0 
Table 4l (Continued) 
Mature Days to Seeds Heads 100 
Gener­ plant mid- Per Per per seed Grain 
Entry- ation height bloom plant head plant weight yield 
(in. ) (no. ) (no. ) (no. ) (no. ) (gms.) (gms.) 
Reliance P 45.2 69.5 1693 1339 1.4 2.55 43.1 
Martin P • 81.0 2504 2212 1.2 2.75 68.5 
Kafir 6o P 46.0 82.7 2539 2118 1.3 2.75 70.0 
Wheatland P 41.1 88.7 2227 1823 1.3 3.00 66.1 
Norghum P 40.8 70.3 2783 1375 2.1 2.29 63.4 
Texas 7078 P 38.2 78.6 2825 2033 1.5 2.52 71.4 
Plainsman P 36.8 85.9 3006 2746 1.2 2.34 70.2 
Caprock P 46.4 91.2 3581 3130 1.2 2.4o 85.2 
Reliance x Norghum Pn 45.1 66.7 2692 1548 1.9 2.52 68.0 
" X Fg 45.3 68.5 2572 1324 2.2 2.51 64.6 
Reliance x Caprock 61.2 77.3 2826 2217 1.3 3.16 88.3 
" X " Fp 52.1 78.3 2406 1855 1.4 3.03 72.5 
Martin X Texas 7078 : 46.5 77.7 3377 2439 1.5 2 .60 86.6 " X " 45.7 80.5 2727 2048 1.4 2.91 77.3 
Kafir 60 x Texas 7078 p? 47.4 77.3 3424 2381 1.5 2.76 93.0. 
II X II Pp 46.7 81.7 2668 2099 1.3 2.96 78.0 
Kafir 60 x Caprock p? 48.7 80.5 3035 2474 1.2 3.08 91.8 
II X II Pp 46.4 85.2 2650 2384 1.1 2.84 74.7 
Wheatland x Norghum p? 57.7 75.4 3142 2057 1.7 2.90 90.8 
II X " Pp 52.9 78.7 3013 1712 1.9 2.80 82.9 
Wheatland x Plainsman p^ 41.7 86.0 3167 2587 1.3 2.61 82.3 
•1 X Pg 40.6 89.9. . 3425 2587 1.4 2.46 82.6 
Grand mean p^ 43.0 81.0 2645 2097 
2243 
1.4 2.58 67.2 
Grand mean P-, 49.8 77.3 3095 1.5 2.81 85.8 
Grand mean 
^2 47.1 80.4 2780 2001 1.5 2.79 76.1 
LSD (all entries) 1.7 1.4 318 195 0.24 0.11 8.1 
Table k2. Mean squares from analysis of variance of plot means from original 
plant measurements for experiment In 19o4 
Degrees Vegetative 
Source of of Leaf Leaf 
variation freedom Height stage Length Width Area 
Replicates 8 98.98 1.21 4.64 0.22 1,126 
Entries 21 100.34** 0.92** 157.11** 1.77** 14,708** 
Parents 7 9.25 0.56** 222.79** 4.02** 29,318** 
Between females 3 9.4^- 0.72** 81.96** 1.99** 11,157** 
Between males 3 10.12 0.54** 258.40** 5.71** 37,218** 
Females vs. males 1 6.07 0.12 538.47** 5.07** 60,100** 
hybrids 6 52.45** 1.03** 137.43** 0. 3^1-** 7,936** 
Fg hybrids 6 75.48** 0.72** 146.76** 0.99** 8,284** 
F^'s vs. Fg's 1 736.36** 3.37** 34.05** 0.29 3,711** 
Parents vs. mean (F^ ,?2) 1 538.41** 1.58** 0.66 0.83** 2,618* 





 3.43 0.10 522 
(Coeff. of variation, ; % )  (8.02) ( 3•46)  (2.78) (4.23) (6.07) 
*P value exceeds the 5^ level of probability. 
**F value exceeds the 1^ level of probability. 
Table ^2 (Continued) 
Degrees Number Mature Days to 
Source of of of Stalk plant mid-
variation freedom leaves diameter height bloom 
Replicates 8 0.56 1.99 8.22 18.44 
Entries 21 34.75** 84.40** 308.21** 414.53** 
Parents 7 48.89** 116.77** 177.34** 570.46** 
Between females 3 66.03** 110.38** 105.19** 581.45** 
Between males 3 48.o4** 151.86** 164.37** 743.04** 
Females vs. males 1 0.01 30.68** 432.67** 19.74** 
hybrids 6 33.22** 80.39** 449 .97** 303.11** 
Fg hybrids 6 31.06** 75.09** 160.35** 395.60** 
P^'s vs. F^'s 1 1.12** 0 .42 220.02** 308.32** 
Parents vs. mean 1 0.77* 21.79** 1,349.15** 211.36** 
Pooled error 168 0.16 1.13 3.24 2.32 
(Coeff. of variation, %) (2.22) (4.12) (3.88) (1.91) 
Table 42 (Continued) 
Degrees Seeds Heads 100 
Source of of Per Per per seed Grain 
variation freedom plant head plant weight yield 
Replicates 1 189,816 65,034 0.17 0.03 211 
Entries 21 1,745,047** 2,013,229** 0.86** 0.57** 1,258** 
Parents 7 2,788,990** 3,442,315** 0.95** 0.54** 1,229** 
Between females 3 1,374,564** 1,387,240** 0.05 0.31** 1,441** 
Between males 3 1,216,865** 5,439,813** 1.87** 0.09** 754** 
Females vs. males 1 : 11,748,643** 3,615,047** 0.91** 2.56** 2,018** 
hybrids 6 650,877** 1,120,720** 0.50** 0.56** 671** 
Fg hybrids 6 1,029,376** 1,597,351** 1.23** 0.44** 362** 
F^'s vs. Fg's 1 3,117,529** 1,844,403** o.o4 0.01 3,004** 
Parents vs. mean 1 3,924,043** 28,799 0.92** 2.23** 8,606** 
Pooled error 168 118,321 44,643 0.06 0.01 78 
(Coeff. of variation, %) (12.15) (10.00) (16.67) ' (4.34) (11.59) 
